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Abstract 

Prescribing Patterns and Expenditures for Otitis Media-Related Antibiotics 

for Children in the Texas Medicaid Program 

Xiaojing Ma, M.S.P.S. 

The University of Texas at Austin, 2015 

Supervisor: Kenneth A. Lawson 

Otitis Media (OM) is the most common childhood infection in the United States and it is 

associated with significant antibiotic use and a high economic burden.  The primary objective of 

this study was to determine the prescribing patterns and expenditures for OM-related antibiotics 

among the Texas Medicaid pediatric population. The second objective was to identify the 

demographic and antibiotic-related factors associated with the mean prescription cost for OM-

related antibiotics. 

Children who were younger than 13 years old with a diagnosis of OM (ICD-9:381.x-

382.x) and had at least one OM-related antibiotic prescription between January 1, 2008 and 

August 31, 2011 were identified from the Texas Medicaid database. OM-related antibiotics were 

selected based on the guidelines proposed by the American Academy of Pediatrics and the 

American Academy of Family Physicians in 2004, and were classified into three categories: 

cephalosporins (cefdinir, cefpodoxime, cefuroxime, ceftriaxone), macrolides (azithromycin, 

clarithromycin) and penicillins (amoxicillin, amoxicillin-clavulanate). The total numbers 
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(proportions) of prescriptions and costs were compared across selected antibiotics and categories. 

A generalized linear model was used to evaluate potential factors associated with mean costs of 

OM-related antibiotic prescriptions. 

A total of 645,161 children with a mean age of 3.8 (SD=3.1) years were included. The 

majority were boys (52.1%), younger than 3 years old (55.2%) and Hispanic (51.7%). OM-

related antibiotic prescription claims (expenditures) decreased from 224,257 in 2008 

($8,335,964) to 135,789 in 2010 ($4,013,347). In 2011, OM-related antibiotic prescription 

claims (expenditures) increased to 203,541 ($5,970,959). The most frequently used category of 

OM-related antibiotics was penicillins (491,812 claims). Amoxicillin was the most frequently 

prescribed OM-related antibiotic (53.1%). However, the total outpatient prescription cost was 

highest for cefdinir ($10,950,719). Additionally, higher age, Hispanic ethnicity, male gender, 

fee-for-service program enrollment, pediatricians, and all selected antibiotics were significant 

predictors (p<0.01) of higher mean costs for OM-related antibiotic prescriptions. 

The study indicated a downward trend in total number of prescription claims and 

expenditures for selected OM-related antibiotics between 2008 and 2010 in the Texas Medicaid 

pediatric population. It also indicated an upward trend in OM-related antibiotics use in 2011, 

which suggests a possible reason for concern regarding antibiotic resistance. To control the high 

cost of OM-related antibiotic prescriptions, policy makers could strengthen efforts to educate 

physicians to promote appropriate antibiotic use for OM.
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Chapter 1: Introduction and Literature Review 

Introduction 

Otitis Media (OM) is the most prevalent childhood infection in the United States (US) 

and is associated with significant antibiotic use.
[1-3]

 Risk factors related to OM have been 

discussed extensively in previous studies.
[4-15]

 However, few studies regarding prescribing 

patterns and expenditures for OM-related antibiotics for children have been published.
[16, 21-23]

  

Medicaid, one of the largest health coverage programs in the US, is an important health 

resource for children since over 31 million children received health benefits from Medicaid in 

2013.
[17]

 In Texas, 4.8 million Texans were enrolled in the Texas Medicaid program, and 65% of 

those were children in 2010.
[18-20]

 Based on the Texas Medicaid Drug Utilization Review (DUR) 

report, four of the ten most frequently used drugs were antibiotics.  The drug used most often for 

Texas Medicaid enrollees in 2012 was amoxicillin which is the most frequently prescribed 

antibiotic for OM. While the prevalence of OM has been widely studied, few studies have 

examined the prescribing patterns and expenditures for antibiotics used to treat OM in children 

covered by Medicaid.
[21-24] 

Additionally, no studies evaluating the prescribing patterns and 

expenditures for OM-related antibiotic use in Texas Medicaid children were found.  

In recent years, states have experienced large increases in overall Medicaid spending 

although the shift of prescriptions from Medicaid to Medicare Part D in 2006 has decreased 

expenditures for medications.
[25-30]

 However, Medicaid remains a major payer for prescription 

drugs and pharmacy services for children in low-income families, the low-income non-elderly 

adult population, and people with disabilities. Prescription drug spending is still an important 

factor contributing to high Medicaid expenditures. A previous study suggested that prescribing 

patterns in Medicaid differ somewhat from those in private insurance programs.
[31]

 Another 
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study indicated that examining variations in expenditures for prescription drugs by geographic 

location of Medicaid enrollees is important.
[32]

 Thus, understanding prescription medication 

utilization and expenditures is important since policy makers can use this information to control 

prescription drug expenditures, as well as to encourage appropriate and cost-effective 

prescribing.  

Therefore, the purpose of this study is to estimate utilization of and expenditures for 

antibiotics used to treat OM among children in the Texas Medicaid program. Background 

information and the objectives of this study are presented in this chapter.  

 

Otitis Media 

Definition, Classification, and Clinical Features of Otitis Media 

OM is defined as the presence of inflammation in the middle ear.
[33]

 OM is a spectrum of 

illnesses including three main branches: acute otitis media (AOM), otitis media with effusion 

(OME) and chronic otitis media.
[33-34]

AOM can be further divided into acute suppurative otitis 

media, acute non-suppurative otitis media and recurrent acute otitis media. If OM-related signs 

or symptoms are present for more than 8 weeks, it is considered to be chronic otitis media. 

Chronic otitis media includes chronic suppurative otitis media and chronic non-suppurative otitis 

media.  

AOM and OME are the two most common infections among children. AOM is defined as 

an acute bacterial infection with presence of fluid in the middle ear. It is accompanied with one 

or more signs of acute illness or signs and symptoms of middle ear inflammation, such as fever, 

otalgia, irritability, headache, otorrhea or vomiting.
[4, 33, 35]

 AOM should be clearly distinguished 

from OME. OME, also known as “glue ear,” is defined as the presence of Middle Ear Effusion 
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(MEE) without signs of acute illness or symptoms of middle ear inflammation.
[4, 5, 36]

 OME may 

occur as a sequel to AOM.
[5]

  

MEE refers to fluid in the middle ear cavity. It occurs in both OME and AOM.
[37]

 

Persistence of prolonged MEE after OM is common.
[38, 39]

 A prospective study conducted by 

Paradise et al. showed that the proportions of children in the Pittsburgh area having MEE at ages 

6, 12 and 24 months were 47.8%, 78.9%, and 91.1%, respectively.
[40]

 The study followed healthy 

infants presented at primary care or pediatric practices from their 2 month old to 2 years. A 

similar prospective study followed 2,565 children in the Greater Boston Collaborative Otitis 

Media Program from birth. The study found that 70% of children had MEE at two weeks after 

their first episode of OM, 40% had MEE at one month, 20% had MEE at two months, and 10% 

had MEE at three months.  

Complications often associated with AOM include hearing loss, balance and motor 

problems related to vestibular dysfunction or labyrinthitis, tympanosclerosis, cholesteatoma and 

mastoiditis.
[6]

  

 

Epidemiology of Otitis Media 

 OM occurs in children, adolescents, and adults; however, it occurs primarily in the 

pediatric population. The incidence of AOM in the adult population is unclear because of a lack 

of available studies. In contrast, the literature contains a large number of epidemiology studies of 

AOM among children. Overall, children aged 6 to 18 months are most vulnerable to OM. The 

incidence declines as age increases.
[7, 36]

 Over 60% of children experience at least one episode of 

AOM by 1 year of age, 80% to 90% by age 2 to 3, and 40% have recurrences by age 7.
[6, 40, 41]

 A 

population-based study by Koch et al. suggested that the cumulative risk of chronic suppurative 
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otitis media was 14% by age 4.
[42]

 Based on World Health Organization (WHO) criteria, “urgent 

attention (is) needed to deal with a massive public health problem” when the incidence of OM is 

greater than 4%.
[43]

 

The incidence rates of OM vary widely among studies depending on disease definition 

and study methods, as well as age and geographic location of the study population. Monasta and 

colleagues estimated the incidence rate of AOM based on risk factors, formulas and regression 

modeling using the literature published from 1980 to 2008.  The global AOM incidence rate was 

10.85% ranging from 3.64% for central Europe to 43.36% and 43.37% for west and central Sub-

Saharan Africa, respectively.
[7]

 The global incidence rate of AOM is highest in children aged 1 to 

4 years (60.99%). A similar study by Bardach et al. reviewed the literature published from 1988 

to 2008 and reported that the annual AOM incidence for Latin America and Caribbean children 

who were younger than 5 years old ranged from 1.17% to 36%.
[44] 

Most recently, the panel report 

from the Ninth International Research Conference on OM summarized important trends in 

disease incidence and prevalence from the epidemiological literature published since 2003.
[8]

 The 

highest incidence rates of AOM for children younger than 18 months were 81% for Intuits and 

84% for Australian Aborigines.  

Two studies were conducted to estimate the prevalence of OM in the United States.
[45, 46]

 

The Third National Health and Nutrition Examination Survey (NHANES III) comprised a 

national probability sample. The survey revealed a slight increase in prevalence of OM (3%) and 

repeated OM (6.3%) from 1988 to 1994.
[45]

 The prevalence rates of having one episode of OM 

and repeated OM were 68% and 38%, respectively. The greatest increases in prevalence were 

among children in families with incomes below the poverty level, where the head of household 

has a lower education level, and among children without a usual source of care. An updated 
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study using data collected annually through the U.S. National Ambulatory Medical Care Survey 

(NAMCS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) calculated 

the number of OM-related office visits for children under 18 years old.
[46]

 In contrast to the 

previous study, the study showed a significant decline (28.5%) of OM incidence from a rate of 

344.7 per 1,000 children in 1997 to a rate of 246.6 per 1,000 children in 2007. Introduction of the 

seven prevalent conjugate pneumococcal vaccine (PCV7) in February 2000 has been shown to 

contribute to the decline in OM incidence.
 [46] 

A number of risk factors, including age, genetic predisposition, season, whether children 

have siblings, and whether children attend daycare, are associated with occurrence of OM.
[4-6, 8-

14, 41]
 OM has a peak age-specific incidence between the ages of 6 to 18 months.

[4, 15]
 Infants and 

young children are more likely to develop OM because their Eustachian tubes are immature. As 

children get older, their Eustachian tubes fully develop, and the chance of having OM will 

decrease.
[4, 5]

 Males are more likely to have OM than females.
[40]

 A heritability study suggested 

that genetics are related to the risk of recurrent OM.
[47]

 A number of studies indicated that OM is 

more prevalent among selected racial groups. Lanphear found that children who are white or of 

Hispanic ethnicity were more likely to be diagnosed with OM compared to children who are 

black or non-Hispanic ethnicity.
[9]

 Bluestone’s study showed Inuits of Alaska, Canada and 

Greenland, Australian Aborigines, and certain Native Americans had the highest incidence of 

Chronic Suppurative Otitis Media (CSOM).
[48]

  In another study by Vernacchio et al., African 

American children and Asian children were at low risk compared to white children regardless of 

other risk factors.
[10] 

Additionally, children are more vulnerable to development of recurrent OM 

if they have more than one episode of OM before age 3. In addition to age and race, seasonality 

is another factor related to OM occurrence. OM occurs more often in fall and winter.
[4]

 Children 
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with siblings who had a history of recurrent OM are more likely to experience OM.
[4, 5, 8, 41] 

Children attending day care centers have a higher incidence of AOM than children who receive 

care at home because the transmission of bacterial and viral pathogens is common in day care 

centers.
[6]

 Lack of or limited breastfeeding is also associated with an increased risk of AOM.
[13, 

14]
 A meta-analysis showed that breast feeding for at least 3 months reduced the risk of AOM by 

13%. Environmental factors also have been shown to contribute to upper respiratory tract 

infections. Environmental tobacco smoke may lead to an increased risk of OM.
[49, 50]  

 

Diagnosis of Otitis Media  

OM among children is commonly caused by infection with three types of bacteria:  

Streptococcus pneumonia, non-typable Haemophilus influenzae and Moraxella catarrhalis.
[5, 6]

 

OM caused by Streptococcus pneumonia may be more severe and less likely to recover 

spontaneously compared to OM caused by non-typable Haemophilus influenzae or Moraxella 

catarrhalis.
[51]

 Previous studies found that the relative importance of the species had changed 

after PCV7 was introduced in 2000.
[52-54]

 Coker et al. found that the few available studies 

between 1999 and 2010 showed that the prevalence of Streptococcus pneumonia decreased up to 

17%, while that of Haemophilus influenzae increased 15% after the introduction of PCV7.
[52]

 

Another retrospective cohort study by Pichichero et al. supported Coker et al.’s results. 

Pichichero et al. assessed 244 AOM isolates from patients who received PCV7 between 2003 

and 2006 and found that the proportion of Haemophilus influenzae isolates was higher than 

Streptococcus pneumoniae isolates.
[53]

 An updated prospective study examined the microbiology 

of AOM episodes in 80 students between 2007 and 2009.
[54]

 The study results showed that the 
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frequency of isolation of Streptococcus pneumoniae was nearly equal to that of Haemophilus 

influenzae isolates. Their study also supported the notion that the frequency of isolation of 

Haemophilus influenzae has increased, replacing Streptococcus pneumonia as the main cause of 

OM. Additionally, syncytial virus or rhinovirus can also cause severe OM, especially as bacterial 

co-pathogens.
[4]

 OM caused by different bacteria and viruses may require different therapy.  

There is no “gold standard” for diagnosis of AOM. The American Academy of Pediatrics 

(AAP) and the American Academy of Family Physicians (AAFP) recommend three main criteria 

to diagnose AOM: 1) a history of acute onset; 2) the presence of signs of MEE; and 3) the 

presence of signs and symptoms of middle-ear inflammation.
[55]

 Accurate diagnosis of MEE is 

critical. The primary method of diagnosing MEE is by pneumatic otoscopy.
[36, 37]

 Tympanometry 

or acoustic reflectometry is used as supplemental means for accurate diagnosis.
[4, 12, 56, 57]

 Other 

predictive features of MEE are opacification, discoloration, marked redness, decreased mobility, 

and otorrhea. Signs and symptoms of middle-ear inflammation include distinct erythema of the 

tympanic membrane or distinct otalgia. Certain otoscopic signs are strongly associated with 

AOM, which are important indicators for diagnosing AOM.
[37, 58]

 Bulging of the tympanic 

membrane is the most important single predictor for diagnosing AOM, especially when 

combined with color and mobility.
[55, 57, 59]

 

Unlike AOM, OME is not accompanied by inflammation. The AAP and AAFP also 

recommend pneumatic otoscopy as the primary method for diagnosing OME.
[55, 60, 61]

 Diagnosis 

of OME also requires signs of MEE but without acute signs or symptoms of infection.
[62]

 

Children presenting with OME have translucent, grey or red tympanic membranes.
[57, 59]

 Other 

signs include opacification, discoloration, decreased mobility and retraction. However, 

guidelines cannot replace physicians’ judgment. A survey conducted in Michigan showed 
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substantial variation in criteria for diagnosing OM among pediatricians and physicians.
[63]

 Over 

60% of respondents mentioned presence of symptoms when defining OM. Almost all 

respondents mentioned the presence of purulence, inflammation or erythema, but only 43% of 

respondents mentioned bulging for diagnosing OM.  

 

Appropriate Treatment of Otitis Media 

  Antibiotic therapy is the major medical treatment  for OM. Antibiotics should be used for 

children younger than 6 months, children under 2 years old with a certain diagnosis of OM, and 

those over 2 years old with a severe infection.
[64]

 The goal of treatment is relief of symptoms. 

With appropriate antibiotic therapy, symptoms should be significantly relieved within 48 to 72 

hours.
[36]

 The administration of antibiotics should be based on diagnostic certainty, age, illness 

severity, and assurance of follow-up. There are two strategies for initial treatment of AOM: use 

antibiotics immediately or “watchful waiting.”
[38]

 

  According to the guideline” Diagnosis and Management of Acute Otitis Media” proposed 

by the AAP and the AAFP in 2004, amoxicillin was recommended as first-line therapy for AOM 

in most children from 2 months to 12 years old.
[55, 64-66]

 Suggested duration of antibiotic therapy 

for AOM is 10 days for children younger than 2 years old with tympanic membrane perforation 

and children with a history of recurrent AOM, five to seven days for children over 2 years old 

without tympanic membrane perforation or a history of recurrent AOM.
[38]

 If patients do not 

have severe otalgia and/or their temperature is less than 39℃, high-dose amoxicillin (80-

90mg/kg per day) should be prescribed for initial treatment. If patients are allergic to penicillin 

and the allergic reaction is not a type I hypersensitivity reaction, cefdinir (14 mg/kg per day in 1 
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or 2 doses), cefpodoxime (10 mg/kg per day in 1 dose), or cefuroxime (30 mg/kg per day in 2 

divided doses) are alternative choices. If they have a history of a type I hypersensitivity reaction 

to penicillin, azithromycin (10 mg/kg per day on day 1 followed by 5 mg/kg per day for 4 days 

as a single daily dose) or clarithromycin (15 mg/kg per day in 2 divided doses) can be used. If no 

improvement is observed within 48 to 72 hours after initial treatment with antibiotics, 

amoxicillin-clavulanate (90 mg/kg per day of amoxicillin component, with 6.4 mg/kg per day of 

clavulanate) is recommended. If patients have severe otalgia and/or their temperature is higher 

than 39℃, amoxicillin-clavulanate (90 mg/kg per day of amoxicillin with 6.4 mg/kg per day of 

clavulanate) is recommended. If they are allergic to penicillin or the initial treatment failed, they 

should take ceftriaxone (50 mg per kg per day, given intramuscularly or intravenously) for 1 

(initial episode of otitis media) or 3 days (recurrent infections). (see Table 1.1) Other antibiotics 

used for OM treatment are ampicillin, erythromycin-sulfisoxazole, trimethoprim-

sufamethoxazole, cephalosporins and macrolides.  

  Antibiotic treatment for AOM has been proven to be effective. Little and colleagues 

found modest symptomatic benefits after the first 24 hours for children receiving antibiotic 

treatment compared to those receiving placebo.
[67]

 Recent analysis has yielded similar findings. 

A 2013 meta-analysis of 11 randomized trials compared antibiotics with placebo.
[68]

 The study 

showed that antibiotic therapy significantly decreased children’s pain at two to three days (Risk 

Ratio (RR) 0.70; 95% Confidence Interval (CI) 0.57 to 0.86), tympanic membrane perforations 

(RR 0.37; 95% CI 0.18 to 0.76) and contralateral AOM episodes (RR 0.49; 95% CI 0.25 to 0.95). 

For management of children with uncomplicated AOM, clinicians and parents can closely 

observe the children’s condition without giving antibiotics initially (watchful waiting).
[66]

 Each 

child under observation can be given a Safety Net Antibiotic Prescription (SNAP). If pain or 
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fever gets worse after 48 to 72 hours, parents can fill the SNAP prescription under the clinician’s 

instruction.  “Watchful waiting” is supported by a number of clinicians and parents because the 

spontaneous recovery rate of AOM is about 81%.
[66, 67]

 The AAP and the AAFP strongly 

recommend pain management of AOM, regardless of whether antibiotics are prescribed as initial 

treatment. To relieve pain, acetaminophen (15 mg/kg every 4 to 6 hours) or ibuprofen (10 mg/kg 

every 6 hours) are recommended.
[38, 55, 60, 64, 65]  
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Table 1.1. Recommended antibacterial agents for patients who are being treated initially with antibacterial agents or who have 

failed 48 to 72 hours of observation or have failed initial management with antibacterial agents  

Temperature 

≧39℃ and/or 

Severe 

Otalgia  

At Diagnosis for Patients Being Treated 

Initially with Antibacterial Agents 

Clinically Defined Treatment Failure at 

48-72 Hours after Initial Management 

with Observation Option 

Clinically Defined Treatment Failure at 

48-72 Hours after Initial Management 

with Antibacterial Agents 

 Recommended Alternative for 

Penicillin Allergy 

Recommended Alternative for 

Penicillin Allergy 

Recommended Alternative for 

Penicillin Allergy 

No Amoxicillin 80-90 

mg/kg per day 

Non-type I:  

cefdinir,  

cefuroxime, 

cefpodoxime; 

Non-type I: 

azithromycin, 

clarithromycin 

Amoxicillin 80-

90 mg/kg per day 

Non-type I: 

cefdinir, 

cefuroxime, 

cefpodoxime; 

Non-type I: 

azithromycin, 

clarithromycin 

Amoxicillin- 

clavulanate (90 

mg/kg per day of 

amoxicillin 

component with 

6.4 mg/kg per day 

of clavulanate 

Non-type I: 

ceftriaxone, 3days 

Non-type I: 

clindamycin 

Yes Amoxicillin- 

clavulanate (90 

mg/kg per day of 

amoxicillin with 

6.4 mg/kg per day 

of clavulanate  

Ceftriaxone, 1 or 3 

days 

Amoxicillin- 

clavulanate (90 

mg/kg per day of 

amoxicillin with 

6.4 mg/kg per day 

of clavulanate 

Ceftriaxone, 1 or 3 

days 

Ceftriaxone, 3 

days 

Tympanocentesis, 

clindamycin 

Source: adopted from American Academy of Pediatrics Subcommittee on Management of Acute Otitis, Media; Diagnosis and management of 

acute otitis media. Pediatrics, 2004. 113(5): 1451-65.
[55]
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Antibiotic therapy is not recommended for OME due to the lack of long-term 

effectiveness. The AAP and the AAFP recommend that “clinicians should document the 

laterality, duration of effusion, and presence and severity of associated symptoms at each 

assessment of the child with OME.”
[69]

 Clinicians should pay more attention to children who are 

at higher risk of hearing loss and language delay. Clinicians should test children’s hearing and 

language ability when they persist with OME over 3 months or anytime when parents and 

clinicians suspect hearing loss or language delay.
[61, 64]

 If children’s hearing is less than 20 dB, 

“watchful waiting” is recommended; if children’s hearing is worse than 40dB, they should 

receive tympanostomy tube insertion surgery. Children without severe OME should be 

reexamined every 3 months until there is no presence of MEE.
[12]

    

 In addition to the guidelines proposed by the AAP and the AAFP, there are several other 

guidelines for OM treatment, such as the United Kingdom (UK) National Institute for Health and 

Care Excellence (NICE) guidelines, and the Scottish Intercollegiate Guidelines Network (SIGN). 

There is strong agreement among the guidelines on management of antibiotics, the option of 

delayed antibiotic treatment and the diagnostic features of AOM (see Table 1.2.).
[55, 56, 70, 71]
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Table 1.2. Comparisons of the three guidelines for management of antibiotic treatment for Otitis Media 

 AAP/AAFP
* 

NICE
** 

SIGN
*** 

Consider whether pain 

control is required 
 An assessment of pain is required 

 The clinician is strongly 

recommended to reduce pain first 

 Acetaminophen (paracetamol), 

ibuprofen are the mainstay of pain 

management 

 The clinician should treat pain and fever with 

paracetamol or ibuprofen if there are no 

contraindications 

 Parents should give 

paracetamol for 

management of analgesia 

but should be advised of 

the potential danger of 

overuse  

Consider whether 

antibiotics are required 
 Amoxicillin is recommended as 

first-line therapy for AOM in most 

children from 2 months to 12 years 

old 

 For younger children and for 

children with severe disease, a 

standard 10 day course is 

recommended. For children 6 years 

of age or older with mild to 

moderate disease, a 5–7 day course 

is appropriate 

 Antibiotic treatment is recommended for 

children younger than 2 years of age with 

bilateral AOM, and children with perforation 

and/or discharge in the ear canal (otorrhoea) 

associated with AOM.  

 An immediate antibiotic prescription is 

recommended for people at high risk of serious 

complications and people whose symptoms of 

AOM have already lasted for 4 days or more 

and are not improving 

 Antibiotics should not be 

routine initial treatment for 

children diagnosed with 

AOM  

 Amoxicillin, or 

amoxicillin-clavulanic 

acid, are recommended 

antibiotics 

 Recommended duration of 

treatment is 5 days 

Consider whether a 

delayed antibiotic 

treatment is required 

 Delayed antibiotic treatment for a 

child with uncomplicated AOM is 

an option for selected children based 

on diagnostic certainty, age, illness 

severity, and assurance of follow up 

 For most people with suspected acute AOM, a 

no antibiotic prescribing strategy or a delayed 

antibiotic prescribing strategy is recommended 

 For children younger than 3 months old with 

AOM, antibiotic treatment is optional. 

 Delayed antibiotic 

treatment is an optional 

treatment in general 

practice 

AAP/AAFP= The American Academy of Pediatrics and the American Academy of Family Physicians; NICE= National Institute for Health and Care Excellence; 

SIGN = The Scottish Intercollegiate Guidelines Network. 

* Source: American Academy of Pediatrics Subcommittee on Management of Acute Otitis Media; Diagnosis and management of acute otitis media. Pediatrics, 

2004. 113(5): 1451-65.
[55]

 

** Source: National Institute for Health and Care Excellence; Otitis Media-Acute: Management. 2009; Available from: http://cks.nice.org.uk/otitis-media-

acute#!scenariorecommendation.
[71]

 

*** Source: Baumer, J.H., Comparison of two otitis media guidelines. Arch. Dis. Child. Ed. Pract., 2004. 89:76-78.
[70]

 

http://cks.nice.org.uk/otitis-media-acute#!scenariorecommendation
http://cks.nice.org.uk/otitis-media-acute#!scenariorecommendation
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Utilization and Expenditure Related to Antibiotic Treatment of Otitis Media 

OM is the most prevalent childhood infection and is associated with a high rate of 

emergency department (ED) visits and significant antibiotic use in the United States.
[1-3]

 OM was 

the third leading reason for rural and non-rural ED visits for children under 17 years old in 

2008.
[3] 

Approximately 7.2% (129,047) of rural ED visits and 5.8% (1,434,799) of non-rural ED 

visits were due to OM and related conditions. Approximately 80% of children who had an 

ambulatory visit because of OM received antibiotics to treat this condition. Furthermore, AOM 

accounts for 40% of antibiotic prescriptions, about 15 million annually, for children younger 

than 2 in the United States.
[15, 72]

 A study analyzing trends of broad-spectrum antibiotic 

prescribing for children with AOM by Coco et al. found that amoxicillin, used as the first-line 

treatment, was prescribed for 59% of all OM-related visits.
[72]

 

Several studies have found a downward trend of OM-related antibiotic prescribing and 

ED visits.
[2, 8, 15, 72-74]

 Grijalva et al. evaluated annual rates of ambulatory visits and antibiotic 

prescriptions using National Ambulatory Medical Care Survey and National Hospital 

Ambulatory Medical Care Survey data (1995-2006).
[2]

 Their study results indicated that the 

annual rate of OM-related ambulatory visits decreased by 33% during that time period with an 

accompanying 36% decrease in OM-related antibiotic prescriptions. Compared to Grijalva et 

al.’s study, another study by Miller showed a smaller decline in antibiotics prescribed as OM 

treatment for children between 1996 and 2001(3.0%).
[73]

 Studies have also shown a decline in the 

intensity of OM-related antibiotic use. Zhou and colleagues found a 42.7% reduction in OM-

related ambulatory visits and antibiotic prescriptions, as well as a 41.9% reduction in the average 

number of antibiotic prescriptions per 1,000 person-years.
[15] 

Similar declines were also reported 

in other studies.
[4,8,74]

 The reduction in antibiotic use can be explained by decreased ambulatory 
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visits and the introduction of PCV7. However, Coco et al. found that the number of physician 

visits with broad-spectrum antibiotic prescriptions increased significantly from 34% of visits in 

1998 to 45% of visits in 2004.
[72]

 This trend was due to an increase in the prescribing of 

amoxicillin-clavulanate and macrolides. Despite the decline in the use of antibiotics in the 

treatment of otitis media, antibiotics are still the major treatment for OM in the United States. 

Additionally, OM is associated with a high economic burden in the United States. The 

total annual expenditure associated with OM has been reported to range from $2 billion to $5.3 

billion.
[15, 73, 75]

 The average OM-related expenditure per child who had OM was $350 in 2006, 

including $264 for ambulatory visits and $57 for antibiotic prescriptions. Patients with AOM 

spent $314 more on outpatient health care per year and $17 more on medication compared to 

those without AOM.
[76]

 The high expenditure associated with OM was attributable to expensive 

antibiotics.
[77]

 Although low-cost antibiotics, such as amoxicillin and trimethoprim-sulfisoxazole 

accounted for 67% of the total fills, they only represented 21% of the total expenditures. 

However, expensive antibiotics, such as cefaclor, cefixime, and amoxicillin-clavulanate 

accounted for 77% of the expenditure. In addition to substantial direct costs, indirect costs, such 

as absence from work or school, associated with OM are significant. OM, especially OME and 

Chronic Suppurative Otitis Media (CSOM) may cause hearing loss and have long-term effects 

on children’s language development, auditory processing, psychosocial and cognitive 

development and school achievement. More seriously, meningitis and brain abscess are two 

severe complications of OM, which lead to about 21,000 deaths each year globally.
[7]

  

Many factors may affect antibiotic prescribing patterns and expenditures. By evaluating 

the National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care 

Survey data, Coco et al. found that ear pain, non-white race, Medicare/Medicaid or other 
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insurance, hospital outpatient department setting, emergency department setting, and west region 

were associated with a decrease in prescribing of broad-spectrum antibiotics for AOM.
[72]

 Sidell 

et al. analyzed demographic influences on antibiotic prescribing for pediatric AOM using the 

National Ambulatory Medical Care Survey (2006 to 2008) only; however, they did not find a 

significant influence.
[78]

 Other studies have assessed other factors associated with OM-related 

antibiotic prescribing patterns and expenditures. A study by Berman et al. assessed the annual 

use of antibiotics for OM, the associated antibiotic costs and factors influencing antibiotic 

selection.
[24]

 They found that practitioners from different practice settings had different 

prescribing patterns. Another study by Bondy et al. found that patient age was related to 

antibiotic prescribing and expenditure.
[77] 

 

 

The US Medicaid Program 

An Overview of the US Medicaid Program 

Medicaid is the largest public health insurance program in terms of number of 

enrollees.
[17, 79, 80]

 It was first enacted in 1965 under Title XIX of the Social Security Act. At that 

time, Medicaid only covered people who qualified for cash assistance. In the following 48 years, 

Medicaid had a significant impact on Americans. Now, over 65 million Americans in 50 states, 

about one in five citizens, are enrolled in Medicaid.
[81]

 Almost all enrollees (88%) are poor or 

close to being poor. Nearly half of Medicaid enrollees are children (31 million) and a quarter (16 

million) are the elderly and people with disabilities. Thus, Medicaid ensures that low-income 

children and adults, and many of those who cannot afford other health insurance have access to 
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health services. Medicaid also helped millions of people who lost their jobs during the economic 

recession and provided health coverage for their families.
[17]

  

Medicaid is jointly administered by the federal and state governments. Under federal law, 

states are required to provide specific mandatory health services and coverage to people who 

belong to certain “categorical” groups and meet financial criteria.
[17, 79, 82]

 “Categorical” groups 

can be broadly divided into five categories: children, pregnant women, adults with dependent 

children, people with disabilities and the elderly.
[83]

 The financial criteria in effect at the time of 

this study for Medicaid enrollees include: (1) children under 6 years old with a family income 

below 133% of the federal poverty level (FPL); (2) children age 6 to 18 years old with a family 

income below 100% of the FPL; (3) parents with dependent children and incomes below 50% of 

the FPL; (4) most senior citizens and people with disabilities who meet the requirement of 

Supplemental Security Income (SSI) or Temporary Assistance for Needy Families (TANF). 

Additionally, states are required to provide Medicaid to people in foster care and adoption 

assistance.
[84]

 After the implementation of the Affordable Care Act (ACA) in 2014, Medicaid 

will assist millions of new Medicaid enrollees because it will expand eligibility to all U.S. 

citizens under 65 years old with incomes up to 133% of the FPL regardless of whether they have 

children. The Medicaid expansion for newly eligible beneficiaries, as a result of the ACA, will 

cause a large increase in Medicaid spending.
[85]

 

States are authorized to set their own financial and categorical eligibility criteria within 

federal law. States can apply to the Centers for Medicare & Medicaid Services for waivers to 

provide Medicaid for people who do not meet traditional eligibility criteria.
[84, 86]

 Those “optional 

eligibility groups” include: (1) certain parents, pregnant women, the elderly and children who do 

not meet other Medicaid income requirements; and (2) people who do not fit financial criteria 



 

18 
 

but fit “medically needy” standards. By 2012, 33 states had set their income thresholds to below 

100% of the FPL and 17 of these states had set their income thresholds to be lower than 50% of 

the FPL. Some states, such as California, the District of Columbia, Minnesota and Washington 

DC, increased their income thresholds up to 250% of the FPL.
[79, 82, 83]

 Additionally, 

approximately half of the states provided health coverage to children in families with incomes up 

to 150% of the FPL in 2010 and more than one-third of all children were covered. States can also 

extend health coverage to uninsured children under the State Children’s Health Insurance 

Program (SCHIP).These strategies and programs make Medicaid the largest health insurer for 

children.  

 In order to meet the diverse health needs of Medicaid enrollees, federal law requires 

states to cover mandatory services including inpatient and outpatient hospital services, physician 

services, long-term care, laboratory and x-ray services, family planning services, health center 

and rural health clinic services, and immunizations.
 [83, 87]

 Children under 21 years old are 

entitled to Early and Periodic Screening, Diagnostic, and Treatment (EPSDT) services. Under 

EPSDT, they can receive more medical services, such as routine screening services, vision 

services, dental services, and other necessary health care, diagnostic services and treatment for 

physical and mental illness which are not covered by the state’s Medicaid program.  

In addition to providing mandatory services, state Medicaid programs can provide 

coverage of other optional health services including dental services, vision care services, 

prescription drugs, and institutional care for individuals with mental retardation. Although drug 

coverage is an optional benefit based on federal law, all states provide coverage for outpatient 

prescription drugs for their eligible enrollees. States are required to provide “sufficient amount, 

duration, and scope” of health services for both mandatory and optional services. They have the 
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option to provide health services through fee-for-service (FFS) plans, managed care organization 

(MCO) plans or a combination of both. The FFS plans allow Medicaid enrollees to choose any 

Medicaid providers. In contrast to FFS plans, MCO plans place more of an emphasis on cost-

containment. One way managed care organizations reduce costs is through limited provider 

panels. Thus, MCO members must choose doctors from a list provided by the MCO. 

  Medicaid is financed by the federal and state governments. The federal share of Medicaid 

expenditures (the Federal Medical Assistance Percentage (FMAP)) ranges from 50% to 83% 

from state to state depending on per capita income.
[82]

 In some states, Medicaid enrollees need to 

pay cost sharing. States have flexibility to set their own criteria for cost sharing regarding family 

income and other characteristics. Federal law permits states to collect up to 20% of the cost of 

the service as a cost-sharing for most children and adults with incomes above 150% of the 

FPL.
[17]

 Enrollees are exempted from cost sharing if they are: (1) pregnant women receiving 

pregnancy-related health services; (2) terminally ill patients receiving hospice care; (3) eligible 

children under 18 years old; and (4) most children and adults below 150% of the FPL.
[83]

  

 

Prescription Drug Coverage under Medicaid 

Prescription drug coverage is important since most Medicaid enrollees cannot afford the 

high cost of prescriptions without Medicaid assistance. Although many elderly and disabled 

Medicaid enrollees began receiving their drug coverage from Medicare in 2006, Medicaid 

prescription drug coverage is still one of the most important benefits for many low-income and 

disabled Medicaid enrollees.
[88]
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All state Medicaid programs cover prescription drugs now. Under traditional FFS 

programs, states adopt Preferred Drug Lists (PDLs), which vary from state to state, to restrict 

coverage of drug products. A PDL is a list of drugs that are determined by a Pharmacy and 

Therapeutics Committee to be the best choices for treatment. PDLs consist of selected drugs 

from any manufacturer that has entered into the rebate agreement with the Secretary of the U.S. 

Department of Health and Human Services.
[89]

 State Medicaid programs are required to cover all 

drugs in the Medicaid rebate program.
[90] 

Health practitioners and providers are encouraged to 

choose drugs on the list preferentially when considering medication for Medicaid enrollees. To 

avoid a “closed formulary,” health practitioners and providers are allowed to prescribe drugs 

excluded from the PDL as long as they are approved by prior authorization (PA).
[91]

 State 

Medicaid programs often exclude coverage for certain drugs, such as those used for anorexia, 

weight loss, or weight gain, fertility, cosmetic purposes or hair growth, and the symptomatic 

relief of cough and colds.
[89, 92]

 

The amount that the state Medicaid programs pay for outpatient prescription drugs is 

generally based on two parts: ingredient costs and dispensing fees.
[91, 93]

  Generally, ingredient 

cost is commonly defined as a percentage discount from the average wholesale price (AWP), 

ranging from AWP minus 20% to AWP minus 9% for brand-name drugs and AWP minus 72% 

to AWP minus 8.6% for generic drugs. Dispensing fees vary broadly from state to state, ranging 

from $1.80 to $26.60 in 2013. Additionally, states are given flexibility to set their maximum 

allowable cost (MAC) limits for multiple-source drugs.
[90] 

 

  Many states have implemented payment controls and quantity limitations on 

prescription drugs to constrain high spending on drugs.
 [90, 92]

 States are allowed to collect 

copayments for Medicaid prescription drugs. Copayment amounts range from 50 cents to 3 
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dollars per prescription.
[92]

 Certain groups, such as children and pregnant women, are exempted 

from copayments.
[83, 89]

 In addition, many programs have limited the amount of medication per 

prescription to a 30–day supply or a 100-unit supply. Several states also have imposed 

restrictions on the number of refills and number of prescriptions per month.
[28]

 Children under 21 

years of age and pregnant women are also exempted from quantity limitations on prescription 

drugs in most states. 

 

Medicaid Expenditures   

Medicaid is a major source of health spending in the United States. The total Medicaid 

expenditures in 2011 were $432.4 billion, including $275.1 billion (64%) in federal spending and 

$155.6 billion (36%) in state spending.
[27, 94]

 Approximately 65.6% of the total Medicaid 

expenditures were attributable to acute care (24.1% to MCOs, 14.6% to hospitals, 6.8% for 

outpatient services, 9.3% for other acute care, 3.5% for drugs, 3.6% for payments to Medicare, 

and 3.6% for physician, lab and X-ray), followed by 30.2% to long-term care (13.5% for home 

health services, 12.5% for nursing homes, 3.3% for intermediate care facilities for the mentally 

retarded (ICF/MR) and 0.9% for mental health) and 4.2% for supplemental payments to 

hospitals.
[79]

  

Children, although they accounted for half of Medicaid enrollees, were responsible for 

only 20% of Medicaid expenditures in 2009; however, over two-thirds of Medicaid expenditures 

were attributed to the elderly and people with disabilities who only accounted for a quarter of 

Medicaid enrollees.
[17, 79]

 In 2011, the estimated per capita Medicaid spending was $2,851 for 

children and $4,362 for adults; however, the estimated per capita Medicaid spending was 
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$15,931 for the elderly and $17,958 for people with disabilities.
[27]

 The spending on the elderly 

and people with disabilities is much higher than on children and adults due to their intense need 

for acute and long-term care services. In addition to the high expenditures on the elderly and 

people with disabilities, 38% of Medicaid spending was attributed to dual-eligible enrollees who 

represented 15% of Medicaid enrollees. 

Medicaid expenditures have increased rapidly.
[17, 83]

 Total federal and state Medicaid 

spending in 2007 was $333.2 billion.
[95]

 This number grew to $432.4 billion in 2011 and is 

estimated to be $1 trillion in 2020.
[27, 81]

 In recent years, Medicaid spending grew faster than the 

gross domestic product (GDP). Medicaid accounted for 2.1 % of the GDP in 2000, 2.3% in 2007 

and 2.8% in 2011. High spending on prescription drugs is one driving reason for the increase in 

Medicaid expenditures. The average annual growth of Medicaid spending on prescription drugs 

between 1997 and 2000 was 18%, which is two times higher than the growth of total medical 

expenditures. The total amount of Medicaid spending on prescription drugs increased to $142.1 

billion from 2000 to 2011.
[29, 30] 

Prescription drug spending has risen quickly due to increased 

utilization and cost per prescription.
[90]  

Although growth in spending for prescription drugs 

slowed since 2006 due to an increase use of generic drugs and a large number Medicaid enrollees 

switching to Medicare Part D.
 [25, 26]

 Prescription drug spending is still an important factor 

contributing to high Medicaid expenditures. In order to control Medicaid prescription drug 

spending and manage utilization of drugs, states have implemented several control mechanisms 

including formularies and preferred drug lists, payment controls, quantity limitations and patient 

copayments.
 

Two studies have been carried out to describe the prescribing patterns and estimate 

expenditures for Medicaid enrollees. These studies showed a rise in Medicaid prescription drug 
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expenditures and utilization.
[30, 31]

 Verdier et al. evaluated the trends and patterns in the use and 

costs of prescription drugs for Medicaid beneficiaries between 1999 and 2009 by summarizing a 

series of detailed annual state-by-state and national tables.
[30]

 Their study focused on drugs use 

by nondual beneficiaries. The average costs of prescription drugs per enrollee nearly doubled 

from $298 in 1999 to $572 in 2009. The largest increase occurred between 1999 and 2004, after 

which the average costs of prescription drugs per enrollee grew slowly because of increased use 

of generic drugs and the shift of prescriptions from Medicaid to Medicare Part D in 2006.  

Average annual expenditures for children rose substantially from $183 in 2004 to $227 in 2009. 

Additionally, antipsychotics were the most costly drug group for all Medicaid beneficiaries, 

followed by antiasthmatics and antiviral drugs. A similar study by Fink et al. estimated that the 

average costs of prescription drugs per enrollee per year in North Carolina were $503 in1998 and 

$795 in 2000.
[31]

 In addition to expenditures, the average number of prescriptions filled per 

enrollee per year increased from 13.0 in 1998 to 15.5 in 2000. The increasing expenditures and 

utilization for prescription drugs for Medicaid enrollees is due to changing prescribing patterns, 

such as increasing use of new and expensive drugs, because of the drug advertising and 

marketing, and the introduction of clinical practice guidelines.
[30, 31] 

 

The Texas Medicaid Program 

An Overview of the Texas Medicaid Program 

The Texas Medicaid program was established in 1967. Like other states, Texas develops 

and administers its own Medicaid program within federal regulations. Texas Medicaid plays an 

important role because Texas ranks 3
rd

 among the states in Medicaid enrollment.
[96, 97]

 According 
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to a statistical report from the Henry J. Kaiser Family Foundation, the Texas Medicaid program 

served 4.8 million Texans, accounting for 19% of the total Texas population in 2010.
[18, 20]

 

Among these covered Texans, children accounted for 65%, followed by low-income adults 

(13%) and the disabled (13%). The elderly only account for 9% of the total Texas Medicaid 

enrollees.
[97]

 

According to federal law, Texas Medicaid provides health services and coverage for 

“mandatory” eligible groups.
[96]

 The primary categories are recipients of Temporary Assistance 

for Needy Families (TANF) and SSI, children and low-income parents, and the elderly and the 

disabled. Texas Medicaid has expanded eligibility to pregnant women and newborns with 

incomes up to 185% of the FPL, as well as children under 5 in families with incomes up to 133% 

of the FPL. The Texas Medicaid program also provides coverage for the “medically needy” 

groups. “Medically needy” groups include children and pregnant woman who have low incomes 

along with substantial medical expenses.    

The Texas Medicaid program provides a set of health benefits specified by federal law. 

According to Texas Medicaid and Children’s Health Insurance Program (CHIP) in Perspective 

(ninth Edition), these benefits include EPSDT (Texas Health Steps), family planning/genetics, 

home health care, inpatient and outpatient hospital, lab and X-ray, nursing facility care,  

pregnancy-related services, and physician services.
[96]

 The Texas Medicaid program provides 

optional health services for certain eligible groups. Almost all provided optional services are 

available for all enrollees regardless of age. The Texas Medicaid program sets limitations on the 

length of hospital stays annually and the number of prescriptions per month for some enrollees. 

The limitation for adults’ hospital stay per episode of disease is 30 days. For prescriptions, the 

limit is 3 prescriptions per month for some recipients; however, this limitation is not applicable 
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to children under 21 years old, nursing home residents, and recipients covered under managed 

care plans. 

Premiums and cost sharing in Texas are determined by considering enrollees’ income, 

eligibility category, and type of service.
[91]

 For categorically needy children and pregnant 

women, there is no premium or cost sharing required.  For medically needy children with family 

incomes from 100 to 150% of the FPL, no premium is required but they are required to pay up to 

10% of the cost of health services. For adults with incomes less than 100% of the FPL, no 

premium is required but cost sharing up to $3 may be imposed for each service; however, a cost 

sharing of 10% of the cost is required for adults with incomes between 100 and 150% of the 

FPL. For children and adults with incomes more than 150% of the FPL, premiums are allowed 

and cost sharing up to 20% of costs of health services may be imposed. 

In order to improve access to services for Texas Medicaid enrollees, a variety of 

management efforts are underway including the Medicaid State of Texas Access Reform (STAR) 

program and  EPSDT.
[96]

 STAR is a managed care program for providing preventive, primary 

and acute care services to the eligible population. EPSDT provides preventive medical services 

and dental services to children under 21 years old. 

 

Texas Medicaid Expenditure   

From 2007 to 2010, the average annual growth in Texas Medicaid spending was 9.7%.
[94]

 

The total Texas Medicaid spending was $28 billion in 2010 and $29.4 billion in 2011.
[96, 98]

 The 

Texas Medicaid program consumed 26% of the Texas state budget in 2010.   

In 2010, the Texas Medicaid program spent $20.6 billion on acute care services, which 

accounted for the largest proportion (73%) of total Texas Medicaid spending. A large proportion 
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of the expenditure on acute care was accounted for by managed care and health plans (27.8%)  

and inpatient hospital services (23.9%).
[99]

 Expenditures for long-term care services were about 

$6.4 billion, representing 22.3% of the total Texas Medicaid spending.
[100] 

In 2011, expenditures 

for prescription drugs accounted for 8.5% ($2.5 billion) of Texas Medicaid spending.  

Additionally, Texas Medicaid spending is distributed disproportionately among the 

different eligibility groups. Children and disabled enrollees are the two groups which consumed 

most of the Texas Medicaid budget in 2011 (38% and 37%, respectively).
[19]

 

 

Prescription Drug Coverage under the Texas Medicaid Program 

The Texas Medicaid program provides prescription drug coverage for all enrollees, 

except for dual-eligibles. The prescription drug benefit program in Texas is called the Vendor 

Drug Program (VDP). Over 3.5 million Texas Medicaid enrollees received prescription drug 

benefits from VDP in 2011.
[96]

  

The VDP covers five categories of products: drug benefit products, over-the-counter 

products, therapeutic products, injectables and vaccines.
[91]

 Drug benefit products include 

prescribed insulin and needles used for insulin. Over-the-counter products cover:  “topical 

products; allergy, asthma, and sinus products; analgesics, cough and cold preparations; digestive 

products; and smoking deterrent products.” Therapeutic products include:  “anabolic steroids; 

antibiotics; analgesics; antipyretics, non-steroidal anti-inflammatory drugs (NSAIDs); 

anticoagulants; anticonvulsants; anti-depressants; antidiabetic drugs; antihistamines; antilipemic 

agents; antipsychotics; anxiolytics, sedatives, and hypnotics; cardiac drugs; chemotherapy 

agents; contraceptives; prescribed cold medications; ear, nose and throat (ENT) anti-
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inflammatory agents; estrogens; hypotensive agents; gastrointestinal drugs; thyroid agents; 

prescribed smoking deterrents; and sympathominetics (adrenergic).”  

Over 4,600 pharmacies participate in the Texas Medicaid program.
[96]

 Texas Medicaid 

has adopted its own PDL. It contains 20 drug categories and more than 32,000 drugs, covering 

central nervous system (CNS) agents, infectious disease agents, respiratory agents, endocrine 

agents and others.
[101]

 Each category has several subclasses. Preferred drugs are available for all 

Texas Medicaid enrollees without any precondition. The Texas Medicaid VDP will reimburse 

costs for preferred outpatient drugs. However, drugs administered in the doctor's office, inpatient 

hospital, or outpatient hospital are not reimbursed under the VDP. For non-preferred drugs, 

prescribers must get PA approval before Medicaid will pay for the medications. If medications 

for patients are contraindicated or the patients are allergic to preferred drugs, non-preferred drugs 

may be allowed for use. Otherwise, non-preferred drug treatment should be considered after 

preferred drug treatment fails. Based on the Texas Medicaid VDP drug utilization review (DUR) 

report in 2007, the Texas Medicaid VDP processed 9,880,766 central nervous system 

prescriptions, 3,466,170 cardiovascular prescriptions, 4,998,083 anti-infective agent 

prescriptions, 1,758,482 gastrointestinal prescriptions and 2,951,423 hormone and synthetic 

substitutes prescriptions in 2005.
[91]

 The most used drug in 2012 was amoxicillin which 

accounted for 802,429 claims and costs of $9,236,770.
[102]

 

The VDP provides prescription drug benefits to all enrollees, except for dual-eligibles. 

However, aged, blind, or disabled adults and adults receiving services through TANF fee-for-

service and primary care case management (PCCM) plans are limited to 3 covered prescriptions 

per month. Prescription refills are limited to be no more than 5 refills and the total amount cannot 
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exceed a 6-month supply.
[91]

 However, children younger than 21 years old, and recipients in 

nursing homes or the managed care program are not subject to these limitations. 

The Texas Medicaid program reimbursement includes the ingredient cost and dispensing 

fee components. Ingredient cost is defined as a pharmacy’s Estimated Acquisition Cost (EAC) 

per unit times quantity dispensed. EAC is the lowest cost chosen from: (1) AWP minus 15%; (2) 

net cost to wholesaler plus 12%; (3) average direct chain contract price; and (4) state maximum 

allowable cost (MAC). The dispensing fee is defined as $6.50 plus 1.96% of the ingredient 

cost.
[93]

 Additionally, the Texas Medicaid program implements federal upper limits and state-

specific limits for multi-source drugs.
[91] 

For recipients covered under Medicaid managed care 

plans, the plans reimburse pharmacies for prescriptions according to their own formulas. There is 

no patient cost sharing provision for prescription medications.
[91]

 

 

Studies Evaluating Prescribing Patterns and Expenditures for Antibiotic Use in Children 

Antibiotic drugs are frequently used for bacterial infections in children. Although 

antibiotic prescriptions for children have decreased since the 1990s, the reality of increasing 

antibiotic resistance is still a problem. The national average number of antibiotic prescriptions 

was 0.88 prescriptions per person in 2009.
[103]

  

A number of studies have discussed the trend of antibiotic use among children.
[16, 104-106]

 

The Center for Healthcare Research & Transformation (CHRT) reported that antibiotic 

prescribing rates for children covered under Blue Cross Blue Shield of Michigan (BCBSM) 

increased 4.5 percent between 2007 and 2009.
[105]

 A consistent result was found by Otter and 

colleagues. Using a cross-sectional national survey of Dutch general practices in 1987 and 2001, 
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Otter et al. reported that disease-based prescription rates in 2001 increased 9.3% for acute otitis 

media, 0.6% for acute upper airway infections, 2.5% for acute tonsillitis and 1.8% for cough.
 [16]

 

However, the population-based prescription rates for children aged 0-17 years old decreased 

from 30% of children in 1987 to 23.2% of children in 2001. Their finding was supported by a 

study conducted by the Centers for Disease Control and Prevention (CDC).
 [106] 

The CDC 

analyzed data from the NAMCS for the years 1993-1994 and 2007-2008 and reported a similar 

result in that the overall average annual population-based rate of antibiotic prescriptions 

decreased 10% between 1993 and 1994, and 24% between 2007 and 2008 for physician office 

visit-based antibiotic prescribing. A similar declining trend for antibiotic prescriptions was found 

in Sharon et al.’s study. Their study showed that the antibiotic-dispensing rate in 16 

Massachusetts communities declined during the period 2000 to 2009.
[104]

 The overall annual 

antibiotic-dispensing rate decreased 24% for children 3- to 24-months old, 18% for those 24- to 

48-months old and 20% for those 48- to 72-months old. For children aged 3 to 24 months, 

antibiotic-dispensing rates declined until 2004-2005 and remained stable thereafter. This trend 

was possibly due to a declining otitis media diagnosis rate.  

Many factors, such as health beliefs, family-related factors and caregivers’ understanding 

of antibiotic use were associated with antibiotic prescribing patterns in children.
[107-109]

 Previous 

studies also revealed changes in antibiotic prescribing patterns. Hanneke et al. found that non-

recommended broad-spectrum antibiotics were prescribed more often in 2001 than in 1987.
[16]

 

However, CHRT reported the percentage of broad-spectrum antibiotic prescriptions increased 

3.4%, from 44.9% to 46.4% in 2011.
[105] 

The Study also found that first- and second-line 

penicillins, second-generation macrolides, and cephalosporins accounted for a majority of 

antibiotic use between 2000 and 2009.
[104]

  



 

30 
 

Studies Evaluating Prescribing Patterns and Expenditures for Otitis Media-Related 

Antibiotic Use in Medicaid Children  

 There are limited studies regarding prescribing patterns and expenditures for OM-related 

antibiotic use in children covered by Medicaid.
[21-23]

 Li et al. examined the antibiotic prescribing 

rate for Oregon Medicaid enrollees with a diagnosis of upper respiratory infections.
[22] 

The study 

showed that the proportion of patients with AOM who received antibiotics remained stable from 

2001 (76.2%) to 2003 (77.5%). An updated retrospective analysis by Nett et al. included 

Montana Medicaid enrollees 14 years old or younger from 1999 to 2010.
[21]

 The proportion of 

patients receiving OM-related antibiotics during the study period decreased slightly from 7% to 

5%.  

Patel et al. compared antibiotic prescriptions for children with private and state-based 

Medicaid insurance.
[23]

 Children in the private insurance program group had a median of 4 acute 

otitis media infections with 5 courses of oral antibiotics and 6 primary care visits compared to 3 

infections with 3 courses of antibiotics and 4 primary care visits for the state-based Medicaid 

insurance group; however, children with the state-based Medicaid insurance program had a 

longer time with OM conditions than those with private insurance.  

Other factors associated with OM-related antibiotic prescribing patterns and costs are 

physician types and practice settings. Berman et al.’s study included 288,234 children under 13 

years old and enrolled in Colorado’s fee-for-service Medicaid program.
[24] 

They found that 

amoxicillin was the most frequent choice for treating a new otitis media episode. It accounted for 

almost half of the total antibiotic fills but for only 9% of expenditures. Low-cost antibiotics, such 

as amoxicillin, trimethoprim-sulfamethoxazole, and erythromycin-sulfisoxazole, accounted for 
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66% of the total antibiotic fills but only 21% of expenditures. The more expensive antibiotics, 

such as cefaclor, cefixime, and amoxicillin-clavulanate, accounted for only 30% of the antibiotic 

fills but 77% of expenditures. They found that office-based physicians prescribed second- and 

third-generation cephalosporins more often whereas hospital clinic personnel prescribed 

trimethoprim-sulfamethoxazole more frequently. Family physicians prescribed second- and 

third-generation cephalosporins more often while pediatricians prescribed trimethoprim-

sulfamethoxazole and erythromycin-sulfisoxazole more frequently.  

The literature search found no studies evaluating OM-related antibiotic use in Texas 

Medicaid children. The patterns and expenditures for OM-related antibiotic use in the Texas 

Medicaid population are unclear.  

 

Study Rationale  

 In general practice, OM is the most common diagnosis for antibiotic prescriptions among 

children.
 [84-86]

 Although a declining trend of antibiotics prescribed for children was identified, 

OM-related antibiotics still accounted for 80% of antibiotics prescribed for children.
[89] 

Given the 

increasing concern about antibiotic resistance, a number of studies examined the outcomes and 

effects of antibiotic treatment for OM.
[21, 40, 68, 109]

 However, only a few updated studies have 

been conducted analyzing the prescribing patterns and expenditures for OM-related antibiotic 

use. The choice and cost of antibiotics may influence health outcomes, health care expenditures 

and health care policy. 

Faced with the reality of increasing Medicaid expenditures, especially for prescription 

drugs, understanding the extent to which increasing prescription utilization and expenditures 
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occurs is important for policy makers as they attempt to control rising prescription drug 

expenditures and to promote appropriate and cost-effective prescribing. The Medicaid database 

can be useful for studies of prescribing patterns and expenditures because researchers can link 

medical claims data to other sources of patient-level information.  

 Many studies revealed that Medicaid enrollees in different states have varying spending 

patterns for prescription drugs. Shah et al. compared rural and urban differences in cost of 

prescription drugs for Utah and Nevada Medicaid enrollees with a focus on nervous system 

medications.
[32]

 Their results indicated that expenditures per Medicaid enrollee were 

substantially higher in Utah than in Nevada. They also found that expenditures were highest in 

urban areas in Utah but in Nevada, expenditures were lowest in urban areas. Their study supports 

previous studies and indicated that examining variation in expenditures for prescription drugs by 

geographic location of Medicaid enrollees is important.
[100, 106] 

Additionally, previous studies 

have revealed different antibiotic use patterns between Medicaid enrollees and private insurance 

enrollees.
[1,104] 

However, review of the literature showed no previous research regarding 

prescribing patterns and expenditures for OM among Texas Medicaid patients. 

The proposed study will provide information on prescribing trends and expenditures for 

OM-related antibiotics with a focus on Texas Medicaid children. This study will pave the way 

for further study on rational antibiotic use for OM. The study results can be compared with OM-

related antibiotics prescribed in other states’ Medicaid programs. Policy makers may be able to 

use this information to develop educational programs to promote appropriate antibiotic use for 

OM. Additionally, the study results may help policy makers in their efforts to constrain Medicaid 

costs. 
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Study Objectives 

The primary purpose of the study is to determine the utilization patterns and expenditure 

trends for OM-related antibiotics used among the Texas Medicaid pediatric population. The 

secondary purpose of this study is to identify the factors associated with the mean cost of 

prescriptions for OM-related antibiotics. The specific objectives for this study are: 

1. To describe demographic (age, gender, race/ethnicity, region and plan type) and OM-

related characteristics (physician type and OM diagnosis) of the study sample; 

2. To assess changes in the total number of OM-related antibiotic prescriptions filled by 

year during the study period; 

3. To determine whether the proportions of prescriptions for each OM-related antibiotic 

category differ significantly by year during the study period; 

4. To determine whether the proportions of prescriptions for selected OM-related antibiotics 

differ significantly by year during the study period; 

5. To determine whether the proportions of prescriptions for selected OM-related antibiotics 

differ significantly by physician type for each year during the study period; 

6. To determine whether the proportions of prescriptions for each OM-related antibiotic 

category differ significantly by physician type for each year during the study period; 

7. To determine whether the proportions of prescriptions for selected OM-related antibiotics 

differ significantly by OM diagnosis during the study period; 

8. To assess whether the annual total expenditures for selected OM-related antibiotics differ 

by year during the study period; 

9. To assess whether the annual total expenditures for each OM-related antibiotic category 

differ by year during the study period; 
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10. To assess whether the annual total expenditures for OM-related antibiotic prescriptions 

differ by OM diagnosis during the study period; 

11. To determine whether mean expenditure per OM-related antibiotic prescription differs 

significantly by year during the study period; and 

12. To determine whether patient demographic characteristics (age, gender, race/ethnicity, 

region, and plan type) and OM-related factors (physician type, OM diagnosis and 

selected OM-related antibiotics) are significantly associated with mean cost of OM-

related antibiotic prescriptions during the study period.  

 

Study Hypotheses 

Descriptive and inferential statistical analyses were conducted to assess the changes in 

the utilization patterns and expenditure trends for antibiotics used for the treatment of otitis 

media. Additionally, inferential statistical analyses were conducted to identify factors associated 

with mean cost of prescriptions for OM-related antibiotics. The specific hypotheses (numbered 

to correspond to the study objectives) for this study are: 

Ho3: There is no significant difference in the proportions of prescriptions for each OM-

related antibiotic category by year during the study period. 

Ho4: There is no significant difference in the proportions of prescriptions for selected OM-

related antibiotics by year during the study period. 

Ho5: There is no significant difference in the proportions of prescriptions for selected OM-

related antibiotics by physician type for each year during the study period. 
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Ho6: There is no significant difference in the proportions of prescriptions for each OM-

related antibiotic category by physician type for each year during the study period  

Ho7: There is no significant difference in the proportions of prescriptions for selected OM-

related antibiotics by OM diagnosis for each year during the study period. 

Ho11: There is no significant difference in mean expenditure per OM-related antibiotic 

prescription by year during the study period. 

Ho12a: There is no significant association between patient gender and mean cost of OM-related 

antibiotic prescriptions during the study period while controlling for other covariates. 

Ho12b: There is no significant association between patient age and mean cost of OM-related 

antibiotic prescriptions during the study period while controlling for other covariates. 

Ho12c: There is no significant association between patient region and mean cost of OM-related 

antibiotic prescriptions during the study period while controlling for other covariates. 

Ho12d: There is no significant association between patient race/ethnicity and mean cost of OM-

related antibiotic prescriptions during the study period while controlling for other 

covariates. 

Ho12e:    There is no significant association between plan type and mean cost of OM-related 

antibiotic prescriptions during the study period while controlling for other covariates. 

Ho12f:    There is no significant association between physician type and mean cost of OM-related 

antibiotic prescriptions during the study period while controlling for other covariates. 
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Ho12g:    There is no significant association between OM diagnosis and mean cost of OM-related 

antibiotic prescriptions during the study years while controlling for other covariates. 

Ho12h:   There is no significant association between selected antibiotics and mean cost of OM-

related antibiotic prescriptions during the study years while controlling for other 

covariates. 
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Chapter 2:  Methodology 

Introduction 

In this chapter, the following topics are presented in detail: study design, study 

population, sample selection, study period, data source, variables, and data analyses. In addition, 

the chapter covers the sample size calculation. 

 

Study Design 

This retrospective study used the Texas Medicaid medical service claims database and 

the Texas Medicaid paid prescription claims database. Patient-level data, including date of birth, 

gender, region, race/ethnicity, and plan type, were extracted from the Texas Medicaid eligibility 

file. This study examined the utilization patterns and expenditure trends for OM-related 

antibiotics used in the Texas Medicaid pediatric (children under 13 years of age) population from 

the Medicaid perspective, as well as determined factors associated with expenditures for OM-

related antibiotic prescriptions. Continuous enrollment was not required in this study since the 

unit of analysis was the prescription claim rather than the patient. 

Identification of OM-related physician visits was accomplished using the Texas Medicaid 

medical service claims database. International Classification of Diseases, 9
th

 Revision (ICD-9), 

diagnostic codes were used to identify OM-related visits (see Table 2.1). Since a previous study 

indicated a lack of standardization among physicians’ coding practices, we included all types of 

OM.
[77]

 OM-related diagnoses were further classified into three categories: acute OM, chronic 

OM and unspecified OM (see Table 2.2).  
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Table 2.1. ICD-9 codes for OM diagnoses 

ICD-9 codes Diagnosis 

381.0x Acute nonsuppurative otitis media 

381.1x Chronic serous otitis media 

381.2x Chronic mucoid otitis media 

381.3 Other and unspecified chronic nonsuppurative otitis media 

381.4 Nonsuppurative otitis media, not specified as acute or chronic otitis media 

382.0x Acute suppurative otitis media 

382.1 Chronic tubotympanic suppurative otitis media 

382.2 Chronic atticoantral suppurative otitis media 

382.3 Unspecified chronic suppurative otitis media; Chronic purulent otitis 

media 

382.4 Unspecified suppurative otitis media; Purulent otitis media  

382.9 Unspecified otitis media 

ICD-9= International Classification of Diseases, 9th Revision, diagnostic codes; OM=Otitis Media 

Source: ICD-9-CM - Volumes 1, 2 & 3. STAT!Ref Online Electronic Medical Library. Available at: 

http://online.statref.com.ezproxy.lib.utexas.edu/Document.aspx?fxId=110&docId=12089. 11/4/2013 4:58:57 PM 

CST (UTC -06:00).
[111]
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Table 2.2. Classification of OM diagnoses  

Classification ICD-9 Code Type of OM 

Acute OM 381.0x 

382.0x 

Acute nonsuppurative otitis media 

Acute suppurative otitis media 

Chronic OM 381.1x  

381.2x 

382.1 

382.2 

382.3 

 

381.3 

Chronic serous otitis media 

Chronic mucoid otitis media 

Chronic tubotympanic suppurative otitis media 

Chronic atticoantral suppurative otitis media 

Unspecified chronic suppurative otitis media; 

Chronic purulent otitis media 

Other and unspecified chronic nonsuppurative otitis 

media 

Other and 

unspecified OM 

381.4 

 

382.4 

 

382.9 

Nonsuppurative otitis media, not specified as acute 

or chronic otitis media 

Unspecified suppurative otitis media; Purulent otitis 

media 

Unspecified otitis media 

 

 

Information pertaining to prescribed OM-related antibiotics was extracted from the Texas 

Medicaid prescription claims database. The Generic Code Number (GCN) Sequence was used to 

identify OM-related antibiotics. Table 2.3 shows the GCN Sequence used to identify OM-related 

antibiotics. An OM-related antibiotic prescription claim was included in this study if the date of 

the claim occurred within 3 days of a physician visit associated with an OM diagnosis. This 

criterion was used to increase the likelihood that the antibiotic was prescribed for OM. 

This study assessed the total number of antibiotic prescriptions filled, and proportions of 

prescriptions for selected antibiotics and each antibiotic category prescribed by study year 

(January 2008 to August 2011). To identify possible reasons for high expenditures for OM, this 

study examined factors associated with mean per prescription expenditure for OM-related 
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antibiotic prescriptions. These factors included patient demographic characteristics (age, gender, 

region, race/ethnicity, and plan type) and OM-related factors (physician type, OM diagnosis, and 

selected antibiotics). 

Table 2.3. Generic code number sequence for OM-related antibiotics 

Drug Name/Description Generic Code Number Sequence 

Amoxicillin-clavulanate 

TAB 26718; 26719; 8991; 8992; 24668; 8989; 8993; 

8994; 50991 

SUSP 25898; 26720; 8990; 48449 

Amoxicillin   

TAB 900; 42681; 9001; 42682; 20493; 40292; 9000 

SUSP 8997; 42684; 8998; 42683; 8998  

CAPSULE 8995; 8996; 42683 

DROPS 8999 

Cefdinir 

SUSP 40258; 58005; 40258 

CAPSULE 40257; 40257 

Cefpodoxime 

TAB 16931; 16932 

SUSP 16930; 16929 

Cefuroxime 

TAB 9135; 9136; 9137 

SUSP 18526; 32598 

Azithromycin 

PWD 23789  

SUSP 24194; 18544  

TAB 26721; 22624; 27252  

VIAL 31452 

CAPSULE 16630 

Clarithromycin 

TAB 16373; 16368; 30495  

SUSP 19146; 21735 

Ceftriaxone 

PIGGY BAG 59424; 59425; 19904; 19905 

VIAL 9162; 59869; 9163; 9164; 9165; 9166; 9142; 

9143; 9144 

SUSP 18526; 32598; 21735 

TAB 9136; 9137; 16373; 16368; 30495 
OM=Otitis Media; TAB=tablet; SUSP=suspension; PWD=powder 
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This study assessed annual total expenditures for selected antibiotics and each antibiotic 

category, and the mean expenditure per antibiotic prescription. Payments for antibiotics were 

calculated using the “amount paid” variable found in the Texas Medicaid prescription claims 

database, which represents the amount Medicaid or its managed care plans pay for the 

medication. 

Antibiotic drugs included in this study are amoxicillin, cefdinir, cefpodoxime, 

azithromycin, clarithromycin, amoxicillin-clavulanate, cefuroxime and ceftriaxone. Other 

antibiotics which are FDA-approved for OM but not included in AAP/AAFP guidelines, such as 

cefaclor, cephalexin, cefprozil, cefixime, and loracarbef, were not included in this study. 

Operational definitions for the variables are provided in the Variables section. 

 

 

Study Population and Sample Selection 

 This study population consisted of Texas Medicaid enrollees covered under the Medicaid 

managed care program and the fee-for-service program. This study focused on children younger 

than 13 years old because OM is more prevalent and has more serious effects in children. 

Additionally, these children are exempt from the three-prescription per month limit under the 

Texas Medicaid program; thus, this limitation does not apply to this study population. Children 

who were diagnosed with OM and had at least one OM-related antibiotic prescription were 

included in this study. Children who were diagnosed with other upper respiratory infections were 

excluded because they were also frequently treated with antibiotics leading to difficulties in 

distinguishing whether the antibiotic was used for these conditions or for OM. Patients with 
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other OM-related diseases, such as Eustachian tube disorders and mastoiditis, were also 

excluded. 

 

Study Period 

The study period was 44 months in length, beginning January 1, 2008 and ending August 

31, 2011.  

 

Data Source 

Data for this study was obtained from the Texas Health and Human Services Commission 

Medicaid eligibility file, the Texas Medicaid medical service claims database and the Texas 

Medicaid paid prescription claims database. The Medicaid eligibility file contains the recipient 

identification number, date of birth, gender, race/ethnicity, eligibility code, eligibility start date, 

county code, and plan type. ICD-9 codes in the Texas Medicaid medical service clams were used 

to identify study subjects with OM-related visits. (Table 2.1 shows the ICD-9 codes used to 

identify OM-related visits.) OM-related antibiotic utilization and payment information was 

retrieved after patients’ prescription information was matched with their medical claims using 

unique identification numbers.  
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Variables 

Independent Variables 

1. Demographic Characteristics 

Demographic characteristics included in this study were similar to those evaluated in a 

previous study.
[78]

 Demographic information included age, gender, race/ethnicity, region and 

plan type. Age is continuous variable. It was defined as children’s age at the date of their OM-

related prescriptions. Gender was categorized into female (coded as 1) and male (coded as 2). 

Race/ethnicity was classified as white (coded as 1), black (coded as 2), Hispanic (coded as 3), 

American Indian (coded as 4), Asian (coded as 5), and unknown (coded as 6). The geographic 

regions used by the Texas Medicaid were grouped into rural (coded as 1) and urban (coded as 

2) according to county designations contained in the Texas Medicaid dataset. Plan types were 

categorized into fee-for-service (FFS) (coded as 1) and Managed Care Organization (MCO) 

(coded as 2, including the STAR and STAR PLUS programs).  

 

2. Selected OM-related Antibiotics 

OM-related antibiotics were selected based on the guidelines proposed by the AAP and 

the AAFP in 2004 (Table 2.4).
[69]

 OM-related antibiotics included in this study were 

amoxicillin (coded as 1), amoxicillin-clavulanate (coded as 2), azithromycin (coded as 3), 

clarithromycin (coded as 4), cefdinir (coded as 5), cefpodoxime (coded as 6), cefuroxime 

(coded as 7), and ceftriaxone (coded as 8). 
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Table 2.4. Generic names and trade names of selected antibiotics included in this study 

Generic Name Trade Name 

Amoxicillin Amoxil 

Amoxicillin-clavulanate Augmentin 

Azithromycin Zithromax 

Clarithromycin Biaxin 

Cefdinir Omnicef 

Cefpodoxime Vantin 

Cefuroxime Ceftin 

Ceftriaxone Rocephin 

 

 

3. Categories of Antibiotics 

The American Hospital Formulary Service (AHFS) Pharmacologic Therapeutic 

Classification system was used to identify the categories of OM-related antibiotics.  Table 2.5 

shows all antibiotics included in this study and their corresponding categories. Penicillins were 

coded as 1, Macrolides as 2 and Cephalosporins as 3.   
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Table 2.5. AHFS codes for identification of OM-related antibiotics categories 

AHFS Codes Antibiotic Categories Antibiotics 

8:12.06 Cephalosporins Cefdinir; cefpodoxime; 

cefuroxime; ceftriaxone 

8:12.12 Macrolides Azithromycin; 

clarithromycin 

8:12.16 Penicillins Amoxicillin; amoxicillin-

clavulanate 

Source: McEvoy, G.K., AHFS Drug Information® 2013, ed. E.K. Snow. 2013: Authority of the Board of 

the American Society of Health-System Pharmacists® American Hospital Formulary Service®. 
[112]

 

 

4.  Physician Types 

Physician types included emergency medicine (coded as 1), family/general practice 

(coded as 2), internal medicine (coded as 3), otolaryngology (coded as 4), pediatric (coded as 

5) and others (coded as 6). This information was identified using “provider type” from the 

Texas Medicaid medical service claims database.  

 

5. OM-related Diagnosis 

All types of OM visits were included in this study. OM-related diagnoses were identified 

using ICD-9 codes. OM-related diagnoses were further classified into three main categories: 

acute OM (coded as 1), chronic OM (coded as 2) and unspecified OM (coded as 3) (see Table 

2.2.). 
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Dependent Variables 

1. Number of Antibiotic Prescriptions Filled 

a. Total Number of Antibiotic Prescriptions Filled 

The total number of OM-related antibiotic prescriptions filled was calculated by summing 

the number of OM-related antibiotic prescriptions for each study year. The total number of 

OM-related antibiotic prescriptions was compared across study years. 

 

b. Proportion of Prescriptions for Selected Antibiotics  

The proportion of prescriptions for selected antibiotics was calculated by dividing the 

number of prescriptions for each of the selected antibiotics by the total number of antibiotic 

prescriptions filled for each year. The proportions of prescriptions for each of the selected 

antibiotics were compared across study years. Additionally, the proportions of prescriptions 

for selected antibiotics were compared among different physician types and OM diagnoses. 

 

c. Proportion of Prescriptions for Each Antibiotic Category 

Analyses similar to those used for selected antibiotics were used for antibiotic categories. 

The proportions of prescriptions for each antibiotic category were calculated by dividing the 

number of prescriptions for each antibiotic category by the total number of antibiotic 

prescriptions filled for each year. The proportions of prescriptions for each of the antibiotic 

categories were compared across study years. Additionally, the proportions of prescriptions 

for each antibiotic category were compared among different physician types and different OM 

diagnoses. 
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2. Expenditure for Antibiotic Prescriptions for Otitis Media 

Payments for antibiotics were calculated using the “amount paid” field in the Texas 

Medicaid prescription claims database. This amount was reimbursed to the pharmacy for OM-

related antibiotics dispensed to Medicaid recipients. Annual total expenditure was calculated 

by summing the payment for each prescription in each study year. Annual expenditures were 

compared among selected antibiotics and antibiotic categories.  

The mean expenditure per antibiotic prescription was defined as the total annual 

expenditure for OM-related antibiotics divided by the total number of OM-related 

prescriptions. The mean expenditures per antibiotic prescription were compared across study 

years. 

 

Data Analysis 

SAS 9.3 was used for data analysis in this study. Descriptive analyses were reported for 

all study variables.  Frequencies and percentages were reported for categorical variables while 

means and standard deviations were reported for continuous variables. Chi-square tests were 

performed to determine if differences exist for each study year in:  (1) the proportions of 

prescriptions for selected antibiotics by physician type, (2) the proportions of prescriptions for 

different antibiotic categories by physician type, and (3) the proportions of prescriptions for OM-

related antibiotics by OM diagnoses. Because only 8 months of data were available for 2011, the 

number of prescriptions and their associated expenditures for that 8-month period were 

extrapolated proportionally to estimate full-year data to facilitate comparisons with data from 
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previous years. (Note:  This extrapolation procedure was applied to the number of prescriptions 

and expenditures, but not to analyses involving proportions of prescriptions or mean cost per 

prescription.) Welch’s Analysis of Variance (ANOVA) was used to determine if mean 

expenditures per prescription differ across study years. Generalized linear regression with a 

gamma distribution and a log link was performed to identify factors (patient demographic 

characteristics and OM-related factors) associated with mean cost of prescriptions for OM-

related antibiotics. The alpha level of significance was set at p < 0.001 in consideration of the 

large sample size. Statistical tests for each study hypothesis are shown in Table 2.6. 
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Table 2.6. Summary of study objectives, hypotheses, study variables, and statistical tests 

Objectives Hypothesis Dependent 

Variables (DV) 

Independent 

Variables 

(IV) 

Statistical 

Test 

1. To describe demographic (age, gender, 

race/ethnicity, region and plan type) and 

OM-related characteristics (physician type 

and OM diagnosis) of the study sample 

 The frequencies and 

proportions of study 

sample in terms of 

gender, race/ethnicity, 

region, plan type, 

physician type and 

OM diagnosis 

Study year Descriptive 

analysis only 

2. To assess changes in the total number 

of OM-related antibiotic prescriptions 

filled by year during the study period 

 Total number of OM-

related antibiotic 

prescriptions filled 

Study year Descriptive 

analysis only 

3. To determine whether the proportions 

of prescriptions for each OM-related 

antibiotic category differ significantly by 

year during the study period 

Ho3: There is no significant difference 

in the proportions of prescriptions for 

each OM-related antibiotic category by 

year during the study period 

The proportions of 

prescriptions for each 

OM-related antibiotic 

category  

Study year Chi-square test 

4. To determine whether the proportions 

of prescriptions for selected OM-related 

antibiotics differ significantly by year 

during the study period 

Ho4: There is no significant difference 

in the proportions of prescriptions for 

selected OM-related antibiotics by year 

during the study period 

The proportions of 

prescriptions for 

selected OM-related 

antibiotics 

Study year 

 

Chi-square test 
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Table 2.6. Summary of study objectives, hypotheses, study variables, and statistical tests (cont’d) 

Objectives Hypothesis Dependent Variables 

(DV) 

Independent 

Variables 

(IV) 

Statistical 

Test 

5. To determine whether the proportions of 

prescriptions for selected OM-related 

antibiotics differ significantly by physician 

type for each year during the study period 

Ho5: There is no significant 

difference in the proportions of 

prescriptions for selected OM-

related antibiotics by physician 

type for each year during the 

study period 

The proportions of 

prescriptions for selected 

OM-related antibiotics 

Physician type Chi-square test 

(separate test 

for each year) 

6. To determine whether the proportions of 

prescriptions for each OM-related antibiotic 

category differ significantly by physician 

type for each year during the study period 

Ho6: There is no significant 

difference in the proportions of 

prescriptions for each OM-

related antibiotic category by 

physician type for each year 

during the study period 

The proportions of 

prescriptions for each OM-

related antibiotic category  

Physician type  Chi-square test 

(separate test 

for each year) 

7. To determine whether the proportions of 

prescriptions for selected OM-related 

antibiotics differ significantly by OM 

diagnosis during the study period 

Ho7: There is no significant 

difference in the proportions of 

prescriptions for selected OM-

related antibiotics by OM 

diagnosis for each year during 

the study period. 

The proportions of 

prescriptions for selected 

OM-related antibiotics 

OM diagnosis Chi-square test 

(separate test 

for each year) 
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Table 2.6. Summary of study objectives, hypotheses, study variables, and statistical tests (cont’d) 

Objectives Hypothesis Dependent Variables 

(DV) 

Independent 

Variables 

(IV) 

Statistical 

Test 

8.  To assess whether the annual total 

expenditures for selected OM-related 

antibiotics differ by year during the study 

period 

 Annual total expenditure 

for OM-related antibiotic 

prescriptions 

Study year Descriptive 

analysis only 

9.  To assess whether the annual total 

expenditures for each OM-related antibiotic 

category differ by year during the study 

period 

 Annual total expenditure 

for each OM-related 

antibiotic category 

Study year Descriptive 

analysis only 

10. To assess whether the annual total 

expenditures for OM-related antibiotic 

prescriptions differ by OM diagnosis during 

the study period 

 Annual total expenditure 

for OM-related antibiotic 

prescription 

OM diagnosis Descriptive 

analysis only 

11. To determine whether mean expenditure 

per OM-related antibiotic prescription 

differs significantly by year during the study 

period 

Ho11: There is no significant 

difference in mean expenditure 

per OM-related antibiotic 

prescription by year during the 

study period. 

 

Mean expenditure per OM-

related antibiotic 

prescription 

Study year Welch’s 

ANOVA and 

post hoc tests 
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Table 2.6. Summary of study objectives, hypotheses, study variables, and statistical tests (cont’d) 

Objectives Hypothesis Dependent 

Variables (DV) 

Independent 

Variables (IV) 

Statistical 

Test 

12. To determine whether patient 

demographic characteristics (age, 

gender, race/ethnicity, region, plan 

type) and OM-related 

factors(physician type, OM 

diagnosis and selected OM-related 

antibiotics) are significantly 

associated with mean cost of OM-

related antibiotic prescriptions 

during the study period 

Ho12a: There is no significant association 

between patient gender and mean cost of OM-

related antibiotic prescriptions during the study 

period while controlling for other covariates. 

Mean cost of OM-

related antibiotic 

prescriptions 

IV: Patient 

gender; 

Covariates: Other 

patient 

demographic 

characteristics  

and OM-related 

factors 

Generalized 

linear 

regression 

(gamma 

distribution 

with a log link)  

Ho12b: There is no significant association 

between patient age and mean cost of OM-

related antibiotic prescriptions during the study 

period while controlling for other covariates 

IV: Patient age; 

Covariates: Other 

demographic 

characteristics 

and OM-related 

factors 

Ho12c: There is no significant association 

between patient region and mean cost of OM-

related antibiotic prescriptions during the study 

period while controlling for other covariates 

IV: Patient 

region; 

Covariates: Other 

demographic 

characteristics 

and OM-related 

factors 
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Table 2.6. Summary of study objectives, hypotheses, study variables, and statistical tests (cont’d) 

Objectives Hypothesis Dependent 

Variables (DV) 

Independent 

Variables (IV) 

Statistical 

Test 

 Ho12d: There is no significant association 

between patient race/ethnicity and mean cost of 

OM-related antibiotic prescriptions during the 

study period while controlling for other 

covariates 

 IV: Patient 

race/ethnicity; 

Covariates: Other 

demographic 

characteristics and 

OM-related 

factors 

 

Ho12e: There is no significant association 

between plan type and mean cost of OM-related 

antibiotic prescriptions during the study period 

while controlling for other covariates 

 IV: Plan type; 

Covariates: Other 

patient 

demographic 

characteristics and 

OM-related 

antibiotic factors  

 

Ho12f: There is no significant association 

between physician type and mean cost of OM-

related antibiotic prescriptions during the study 

years while controlling for other covariates 

 IV: Physician type 

Covariates:  

Patient 

demographic 

characteristics and 

other OM-related 

factors 
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Table 2.6. Summary of study objectives, hypotheses, study variables, and statistical tests (cont’d) 

Objectives Hypothesis Dependent 

Variables (DV) 

Independent 

Variables (IV) 

Statistical 

Test 

 Ho12g: There is no significant association 

between OM diagnosis and mean cost of OM-

related antibiotic prescriptions during the study 

years while controlling for other covariates 

 IV: OM diagnosis 

Covariates:  

Patient 

demographic 

characteristics and 

other OM-related 

factors 

 

Ho12h: There is no significant association 

between selected antibiotics and mean cost of 

OM-related antibiotic prescriptions during the 

study years while controlling for other 

covariates 

IV: Selected 

antibiotics 

Covariates:  

Patient 

demographic 

characteristics and 

other OM-related 

factors 
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Statistical Test Assumptions and Sample Size Calculations 

Chi-square tests, Welch’s ANOVA and generalized linear regression (using a gamma 

distribution with a log link) were performed in this study. Statistical test assumptions and sample 

size calculations for each test are listed below.  

1. Chi-square test 

To address objectives 3-7, chi-square tests were performed. The assumptions for chi-square 

tests are: 1) independence of observations; and 2) no more than 20% of the expected counts are 

less than 5 and all individual expected counts are 1 or greater. 

All assumptions were met. For the sample size calculation, a small effect size (w= 0.1) 

based on Cohen’s convention, an alpha level of 0.001, and power of 0.80 were used. The degrees 

of freedom are: 21 for objective 3, 6 for objective 4, 35 for objective 5, 10 for objective 6, and 14 

for objective 7. Using G-power, the largest sample size required for objectives 3-7 is 4,516. 

 

2. Welch’s ANOVA 

To address objective 11, a one-way ANOVA was planned. The assumptions for ANOVA 

are: 1) independence of observations; 2) the dependent variable is normally distributed in each 

group; and 3) the variance of data in groups should be equal (homogeneity).  

A Q-Q plot was used to test normality. Although the assumption of normality was violated, 

ANOVA could still be used since the one-way ANOVA is a robust test that can tolerate data 

which is non-normal especially with large sample sizes. For the homogeneity assumption, 

Levene's test showed that the assumption was violated (f=147.77, P<0.0001). Thus, Welch’s 

ANOVA was performed instead of ANOVA because the assumptions of normality and constant 

variance were violated. For the sample size calculation, a small effect size (w= 0.1) based on 
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Cohen’s convention, an alpha level of 0.001, and power of 0.80 were used. There are 4 groups 

because the study time period was 2008-2011. Using G-power, the required sample size was 

2,164. 

 

3. Generalized linear regression  

The distribution of cost of OM-related antibiotic prescriptions was positively skewed and 

thus, the normality assumption was violated. Generalized linear regression (GLM) with a gamma 

distribution is recommended for use with positively skewed data. Thus, to address objective 12, a 

generalized linear regression with a gamma distribution and a log link function was performed. 

The assumptions for GLM are: 1) correct specification of the variance function; 2) independence 

of observations; and 3) correct specification of the dispersion effect; 3) correct specification of 

the link function; 4) correct form for the explanatory variables; and 5) lack of undue influence of 

individual observations. There may be a lack of independence because some patients have 

multiple prescriptions. However, the violation of this assumption was judged to have a minimal 

effect on the analysis.  

The generalized linear regression model is as follows: 

LogE (Y|X) = a + b1X1 + b2X2 + ……. + b8X8 

E (Y|X) = expected predicted value 

a = constant  

bn = regression coefficient 

X1 = gender 

X2 = age 

X3 = region 

X4 = race/ethnicity 
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X5 = plan type 

X6 = physician type 

X7 = OM diagnosis 

X8 = selected antibiotics 

All assumptions were evaluated and judged to have been met. Box-Cox transformations 

were used to determine which transformation is appropriate for violation of normality and 

constant variance. The Box-Cox transformation has the form 

(y
λ 
-1)/λ     λ≠0 

Log(y)       λ=0 

If λ equals to zero, a log function is appropriate. Because the λ value in this study was 

0.00, a log function was used.  

To confirm the appropriate family of GLM, the modified Park test was conducted. The 

modified Park test has the form 

Log ((y−ŷ)
2
)=γ0 + γ1 (log(ŷ)) + ε 

y=outcome variable 

ŷ=predicted value of outcome variable 

γ0=constant of the equation 

γ1=coefficient 

ε=error term 
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 If the coefficient (γ1) ≈ 2, a gamma distribution is appropriate. Because the coefficient 

was close to 2.0 (γ1 = 1.87), a gamma distribution was used in this study. 

For the sample size calculation, an alpha level of 0.001, and power of 0.80 were used. 

Since the required sample size of GLM with a gamma distribution will not exceed the sample 

size of regression with a normal distribution with a given power, the required sample size for 

generalized linear regression would not exceed 1,405 as calculated by G-power (multiple linear 

regression with an effect size of 0.02).
[113]

 

 

Since the chi-square required the largest sample size, a sample size of 4,516 observations 

was required.  
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Chapter 3: Results 

Introduction 

This section presents the study results in the order of the objectives. Because only 8 

months of data were available for 2011, both observed results (8 months) and extrapolated 

results (12 months) are presented for some objectives. For frequencies of prescriptions and total 

expenditures, extrapolated (full-year) results for 2011 have been reported to make comparisons 

with the previous full years more meaningful. For proportions of prescriptions and mean cost per 

prescription, observed (8 months) results for 2011 have been reported under the assumption that 

these results are likely to remain fairly consistent for the remainder of the year. 

 

Description of Case Identification 

The sum of the annual enrollments reported by the Texas Medicaid program was 

13,745,651 during the study years. (Note that this sum does not represent unique individuals as 

some people may have been enrolled in multiple years.) After reviewing Texas Medicaid 

eligibility files, 405 enrollees were excluded because of the lack of gender data and 176 enrollees 

were excluded because of the absence of unique identification numbers. Of these enrollees, only 

1,179,525 had an OM-related diagnosis. After matching prescription files with medical claims, 

766,278 enrollees had OM-related antibiotic prescriptions, but only 755,379 had OM-related 

antibiotic prescriptions within 3 days of a physician visit associated with an OM diagnosis. Since 

this study only included children younger than 13 years old, 103,032 enrollees were excluded 

due to age. After inclusion and exclusion criteria were applied, 645,161 children enrolled in the 

Texas Medicaid program who were younger than 13 years old with a diagnosis of OM and 
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claims for OM-related antibiotics from January 2008 to August 2011 were identified (see Figure 

3.1). 
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Figure 3.1. Process of case identification 

 

* Individual enrollees may appear multiple times 

** Individual enrollees were unique 

The sum of the annual enrollment in the Texas Medicaid 
program during study years: 13,745,651* 

Number of enrollees with an OM-related diagnosis:  

1,179,525*  

Number of enrollees under 13 years with an OM-related 
diagnosis and OM-related antibiotic prescriptions: 

645,161**  

 Missing gender information: 

405 enrollees 

 Missing unique ID:  

176 enrollees 

 Without an OM-related 

diagnosis: 12,565,545 enrollees 

 

 Without OM-related antibiotic 

prescriptions: 413,247 

 Duration between diagnosis 

date and prescription pick-up 

date over 3 days: 10,899 

 Older than 13 years old: 

103,032 

 Multiple patient-level claims: 

7,186 (excluded) 
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Objective 1 

 Objective 1 was to describe the demographic characteristics (age, gender, race/ethnicity, 

region and plan type) and OM-related characteristics (physician type and OM diagnosis) of the 

study sample. Means and standard deviations (SD) were used to describe age, and frequencies 

and proportions were used to describe all other variables (Table 3.1 and Table 3.2). The 

descriptive statistics for the demographic characteristics are based on patient-level data (i.e., the 

information pertaining to the first claim for each patient was used), while the information 

pertaining to the OM-related characteristics is based on claims-level data. 

Of the 645,161 children, 221,909 were identified in 2008, 154,939 in 2009, 134,249 in 

2010 and 134,064 in 2011. More than half of the patients in the study sample were 3 years of age 

and younger (58.3%). The mean (SD) ages of the study sample were 3.9 (3.0) years old in 2008, 

3.9 (3.1) years old in 2009, 3.7 (3.2) years old in 2010 and 3.7 (3.3) years old in 2011. The mean 

age over the four years was 3.8 (3.1) years old. 

The sample was predominantly males (51.7%). In regard to race/ethnicity of the study 

sample, Hispanics accounted for the largest proportion (65.3%) of the study sample, followed by 

whites (18.6%). There were 25,576 (4.0%) children lacking information about race/ethnicity. 

Children in this study were mainly from urban areas (84.1%) in Texas with 15.8% from rural 

areas. A small number of children (389) were missing information about region. A majority of 

children were enrolled in MCO programs (63.6%) during the study years. 

In regard to OM diagnosis, more than a third of the prescriptions were for children with a 

diagnosis of AOM (38.4%) and only 1.8% of the prescriptions were for children who had COM. 

Prescriptions for children with a diagnosis of other types or unspecific OM accounted for 59.8% 
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of the sample. The majority (54.4%) of OM-related antibiotic prescriptions were prescribed by 

pediatricians. Smaller numbers of OM-related antibiotic prescriptions were prescribed by 

physicians specializing in emergency medicine (38,821; 6.0%), internal medicine (22,485; 3.4%) 

and otolaryngology (5,809; 0.9%), while family/general practice and other types of physicians 

each accounted for about 18%, respectively.    
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Table 3.1. Demographic characteristics of the study sample by study year*  

Characteristics 
Study Years [N (column %)] Total [N 

(column %)] 

 

2008 

 

2009 

 

2010 

 

2011** 

 

 Demographic Characteristics 

Race/Ethnicity   

White 42,635 (19.2) 28,035 (18.1) 23,811 (17.7) 25,626 (19.1) 120,107 (18.6) 

Black 23,310 (10.5) 17,037 (11.0) 14,967 (11.1) 13,353 (10.0) 68,667 (10.6) 

Hispanic 149,041 (67.2) 103,444 (66.8) 87,117 (64.9) 82,010 (61.2) 421,612 (65.3) 

American 

Indian 

622 (0.3) 447 (0.3) 456 (0.3) 369 (0.3) 1,894 (0.3) 

Asian 2,271 (1.0) 1,753 (1.1) 1,780 (1.3) 1,501 (1.1) 7,305 (1.1) 

Unknown 4,030 (1.8) 4,223 (2.7) 6,118 (4.6) 11,205 (8.4) 25,576 (4.0) 

Sex   

Female 106,578 (48.0) 74,968 (48.4) 65,076 (48.5) 65,041(48.5) 311,663 (48.3) 

Male 115,331 (52.0) 79,971 (51.6) 69,173 (51.5) 69,023 (51.5) 333,498 (51.7) 

Region   

Rural area 40,912 (18.4) 22,854 (14.8) 11,379 (8.5) 26,801 (20.0) 101,946 (15.8) 

Urban area 180,898 (81.5) 132,000 (85.2) 122,789 (91.5) 107,139(79.9) 542,826 (84.1) 

Unknown 99 (0.1) 85 (<0.1) 81 (<0.1) 124 (0.1) 389 (0.1) 

Plan Type   

FFS 94,353 (42.5) 52,863 (34.1) 26,101 (19.4) 61,630 (46.0) 234,947 (36.4) 

MCO 127,556 (57.5) 102,076 (65.9) 108,148 (80.6) 72,434 (54.0) 410,214 (63.6) 

Age           

Mean (SD) 3.9 (3.0) 3.9 (3.1) 3.7 (3.2) 3.7 (3.3) 3.8 (3.1) 

Total N 221,909 154,939 134,249 134,064 645,161 

* Patient-level data is presented  

** 2011 data were for Jan-Aug only 

MCO: managed care organization 

FFS: fee-for-service program 
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Table 3.2. OM-related factors of the study sample by study year* 

Characteristic Study Years [N (column %)] Total [N 

(column %)] 

 2008 2009 2010 2011**  

OM-related Characteristics 

Physician Type 

Emergency 

Medicine 

11,760 (5.2) 9,601 (6.1) 8,323 (6.1) 9,137 (6.7) 38,821 (6.0) 

Family/General 

Practice 

41,977 (18.7) 27,088(17.3) 21,788(16.0) 23,571(17.4) 114,424 (17.5) 

Internal 

Medicine 

7,523 (3.4) 5,786 (3.7) 4,781 (3.5)  4,395 (3.2) 22,485 (3.4) 

Otolaryngology 2,430 (1.1) 1,358 (0.9) 1,064 (0.8) 957 (0.7) 5,809 (0.9) 

Pediatric 124,400 (55.5) 84,979 (54.3) 72,708 (53.5) 72,548 (53.5) 354,635 (54.4) 

Others 36,167 (16.1) 27,795 (17.7) 27,125 (20.0) 25,086 (18.5) 116,173 (17.8) 

OM Diagnosis  

Acute OM 86,224 (38.4) 61,198 (39.1) 52,383 (38.6) 50,454 (37.2) 250,259 (38.4) 

Chronic OM 4,269 (1.9) 2,782 (1.8) 2,586 (1.9) 2,210 (1.6) 11,847 (1.8) 

Unspecified OM 133,764 (59.6) 92,627 (59.1) 80,820 (59.5) 83,030 (61.2) 390,241 (59.8) 

Total N 224,257 156,607 135,789 135,694 652,347 

* Claims-level data is presented 

**2011 data were for Jan-Aug only 

MCO: managed care organization 

FFS: fee-for-service program 
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Objective 2 

Objective 2 was to assess changes in the total number of OM-related antibiotic 

prescriptions filled by year during the study period. The total numbers of OM-related antibiotic 

prescriptions filled and changes by years are presented in Table 3.3. Figure 3.2 depicts the trend 

of antibiotic prescriptions filled during the study years. 

The total numbers of OM-related antibiotic prescriptions filled were 224,257 in 2008, 

156,607 in 2009, 135,789 in 2010 and 135,694 in 2011 (for January through August only). 

Figure 3.2 shows an obvious downward trend in antibiotic prescriptions filled from 2008 to 

2010. The total number of OM-related antibiotic prescriptions filled in 2009 decreased by 67,650 

claims (30.2%) compared to 2008. The number of OM-related antibiotic prescriptions filled 

continued to decrease by 20,818 claims (13.3%) in 2010. The total number of OM-related 

antibiotic prescriptions filled in the first eight months of 2011 was close to the total number in all 

of 2010; however, the total number of prescription claims for OM-related antibiotics 

extrapolated for the entire year 2011(203,541 claims) exceeded the previous two years. A visible 

declining trend in the changes in the total number of OM-related antibiotic prescriptions from 

2008 to 2010 is shown in Figure 3.3.  
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Table 3.3. Annual frequencies and changes in OM-related antibiotic prescriptions filled by study year 

Variables Study Years  Total (N) 

 2008 2009 2010 2011  

 Observed Observed Observed Observed* Extrapolated Observed* Extrapolated 

OM-related 

Antibiotic 

Prescriptions Filled 

(N)  

224,257 156,607 135,789 135,694 203,541 652,347 720,194 

Changes in 

Number of  OM-

related Antibiotic 

Prescriptions 

Filled 

N (%)  

- -67,650 

(-30.2%) 

-20,818 

(-13.3%) 

-95 

(-0.1%) 

+67,752 

(49.9%) 

- - 

*2011 data were for Jan-Aug only 
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Figure 3.2 Trend in frequency of prescriptions for OM-related antibiotics during study 

years  
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Figure 3.3 Changes in frequency of OM-related antibiotic prescriptions filled by study year 
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Objective 3 

 Objective 3 was to determine whether the proportions of prescriptions for each antibiotic 

category differ significantly by year during the study period. Descriptive statistics and chi-square 

results are shown in Table 3.4. Figure 3.4 shows the trend in the total number of prescriptions for 

each antibiotic category during study years. The hypothesis for this objective is:  

Ho3: There is no significant difference in the proportions of prescriptions for each OM-related 

antibiotic category by year during the study period.  

Overall, penicillins accounted for more than half of the total OM-related antibiotic 

prescriptions filled (444,513 claims, 68.1%). Cephalosporins accounted for the second largest 

proportion of the total OM-related antibiotic prescriptions filled (126,937 claims, 19.5%). 

Macrolides was the least often prescribed OM-related antibiotic category (80,897 claims, 

12.4%). A chi-square test indicated that there was a significant difference in the proportions of 

OM-related antibiotic prescriptions for penicillins, macrolides and cephalosporins during the 

study years (Pearson chi-square = 951.8, p<0.001). Thus, Ho3 was rejected; however, the 

differences in proportions across study years are relatively small and the large sample size no 

doubt contributed to the statistical significance. 

 The decreasing trend for the total number of OM-related antibiotic prescriptions was 

consistent for each antibiotic category from 2008 to 2010. The total number of penicillin 

prescriptions was:  148,144 (66.1%) in 2008; 106,692 (68.1%) in 2009; 95,078 (70.0%) in 2010; 

and 94,599 (69.7%) in 2011. The total number of macrolides was: 30,044 (13.4%) in 2008, 

19,767 (12.6%) in 2009, 15,508 (11.4%) in 2010 and 15,578 (11.5%) in 2011. The total number 

of cephalosporin prescriptions was: 46,069 (20.5%) in 2008, 30,148 (19.3%) in 2009, 25,203 
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(18.6%) in 2010 and 25,517 (18.8%) in 2011. The extrapolated total numbers of penicillin 

prescriptions, macrolide prescriptions and cephalosporin prescriptions in 2011 were calculated 

and reported in Table 3.3. The extrapolated number of penicillin prescriptions, macrolide 

prescriptions and cephalosporin prescriptions were higher in 2011 than the total number of 

prescriptions in corresponding antibiotic categories in the previous two years. 
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Table 3.4 Total frequencies and proportions of OM-related antibiotic prescriptions by antibiotic category and study year 

(n*=652,347, n=720,194) 

OM-related 

Antibiotic 

Category 

Study Years [N (column %)] Total [N (column %)] Chi-

square 

(p-value) 
2008 2009 2010 2011               

 Observed Observed Observed Observed* Extrapolated Observed* Extrapolated 

Penicillins 148,144 

(66.1) 

106,692 

(68.1) 

95,078 

(70.0)  

94,599 

(69.7)  

141,898 

(69.7) 

444,513 

(68.1) 

491,812 

(67.9) 

951.8 

(<0.001) 

Macrolides 30,044 

(13.4) 

19,767 

(12.6) 

15,508 

(11.4) 

15,578 

(11.5) 

23,367 

(11.5) 

80,897 

(12.4) 

88,686 

(12.2) 

 

Cephalosporins 46,069 

(20.5) 

30,148 

(19.3) 

25,203 

(18.6) 

25,517 

(18.8) 

38,276 

(18.8) 

126,937 

(19.5) 

139,696 

(19.8) 

 

* 2011 data were for Jan-Aug only 
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Figure 3.4 Trend in frequencies of prescriptions for each antibiotic category during study years 
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Objective 4 

 Objective 4 was to determine whether the proportions of prescriptions for selected 

antibiotics differ significantly by year during the study period. Descriptive statistics and chi-

square results are shown in Table 3.5. Figure 3.5 shows the trend in the total number of 

prescriptions for selected antibiotics during study years. The hypothesis for this objective is: 

Ho4: There is no significant difference in the proportions of prescriptions for selected OM-

related antibiotics by year during the study period. 

 Overall, amoxicillin accounted for the largest proportion of OM-related antibiotic 

prescriptions (344,643 claims, 52.8%). The second most often prescribed OM-related antibiotic 

was cefdinir (124,996 claims, 19.2%). Amoxicillin-clavulanate and azithromycin were also 

prescribed widely (99,870 claims, 15.3% for amoxicillin-clavulanate; 79,464 claims, 12.2% for 

azithromycin). Other selected antibiotics, such as clarithromycin, cefpodoxime, cefuroxime, and 

ceftriaxone, accounted for a small proportion of OM-related antibiotic prescriptions filled. A 

Pearson chi-square test showed that the proportions of selected OM-related antibiotics were 

significantly different by study year (Pearson chi-square=2,515.4, p<0.001). Therefore, Ho4 was 

rejected; however, although statistical significance was achieved, the differences in proportions 

across study years are relatively small and the large sample size no doubt contributed to the 

statistical significance. 

A downward trend was observed for all selected antibiotics from 2008 to 2010. However, 

the number of prescriptions for amoxicillin, azithromycin, cefdinir, and ceftriaxone in 2011 

exceeded the number in 2010 although only eight months of data were available in 2011. 

Considering the extrapolated number of OM-related antibiotic prescriptions in 2011, the total 
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numbers of selected OM-related antibiotic prescriptions were higher than the numbers of 

corresponding OM-related antibiotic prescriptions in 2009 and 2010.    
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 Table 3.5. Total frequencies and proportions of selected OM-related antibiotics by study year (n*=652,347; n=720,194) 

Selected OM-related 

Antibiotic  
Study Years [N (column %)] Total [N (column %)] Chi-

square 

(p-value) 
2008 2009 2010 2011  

 Observed Observed Observed Observed* Extrapolated Observed* Extrapolated  

amoxicillin-

clavulanate 

37,491 

(16.7) 

23,826 

(15.2) 

19,771 

(14.6) 

18,782  

(13.8) 

28,173 

(13.8) 

99,870 

(15.3) 

109,261 

(15.2) 

2,515.4 

(<0.001) 

amoxicillin 110,653 

(49.3) 

82,866 

(52.9) 

75,307 

(55.5) 

75,817  

(55.9)  

113,726 

(55.9) 

344,643 

(52.8) 

382,552 

(53.1) 

 

azithromycin 29,626 

(13.2) 

19,391 

(12.4) 

15,179 

(11.2) 

15,268  

(11.3) 

22,902  

(1.4) 

79,464 

(12.2) 

87,098  

(12.1) 

 

clarithromycin 418 

(0.2) 

376  

(0.2) 

329 

(0.2) 

310 

(0.2) 

465  

(0.2) 

1,433  

(0.2) 

1,588 

(0.2) 

 

cefdinir 45,321 

(20.2) 

29,669 

(18.9) 

24,866 

(18.3) 

25,140  

(18.5) 

37,710  

(18.5) 

124,996 

(19.2) 

137,566 

(19.1) 

 

cefpodoxime 178 

 (0.1) 

37  

(<0.1) 

33  

(<0.1) 

28  

(<0.1) 

42 

(<0.1) 

276 

(<0.1)  

290 

(<0.1) 

 

cefuroxime 321  

(0.1) 

293  

(0.2) 

198  

(0.1) 

186  

(0.1)  

279 

(0.1) 

998 

(0.2)  

1,091 

(0.2) 

 

ceftriaxone 249  

(0.1) 

149  

(0.1) 

106  

(0.1) 

163  

(0.1)  

244 

(0.1) 

667  

(0.1) 

748 

(0.1) 

 

* 2011 data were for Jan-Aug only 
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Figure 3.5 Trend in frequencies of prescriptions for selected OM-related antibiotics during 

study years 
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Objective 5 

 Objective 5 was to determine whether the proportions of prescriptions for selected 

antibiotics differ significantly by physician type during the study period. The study results are 

shown by each year (Table 3.6.). The hypothesis for this objective is: 

Ho5: There is no significant difference in the proportions of prescriptions for selected OM-

related antibiotics by physician type for each year during the study period. 

 Overall, amoxicillin was predominately prescribed by all types of physicians. 

Cefpodoxime, cefuroxime and ceftriaxone were prescribed least among the different physician 

types. This prescribing pattern remained consistent during the study years. Extrapolated data in 

2011 also followed the same trend. Other than amoxicillin and amoxicillin-clavulanate, all types 

of physicians, except for emergency medicine physicians, prescribed cefdinir more frequently in 

general compared to other types of OM-related antibiotics. Emergency medicine physicians 

prescribed azithromycin more often than cefdinir. However, the overall prescribing pattern 

among physicians changed slightly over the years. For example, family/general practice 

physicians and internal medicine physicians prescribed a larger number of prescriptions for 

azithromycin than cefdinir in 2008.     

Additionally, pediatricians and general/family practice physicians prescribed the largest 

numbers of OM-related antibiotic prescriptions during the study years (except for the ‘other 

physicians’ group). The total number of amoxicillin prescriptions by pediatricians was more than 

3 times higher than by general/family practice physicians (354,635 claims vs.114,424 claims). 

Otolaryngologists prescribed the smallest number of OM-related antibiotic prescriptions during 

the study years. OM-related antibiotics prescribed by ‘other types’ of physicians accounted for a 
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large number of the total number of OM-related antibiotics since that group consisted of a 

relatively large number of physicians. However, ‘other types’ of physicians, such as 

allergists/immunologists and surgeons, were not of primary interest in this study because of the 

group’s heterogeneity and are not discussed further.  

A Pearson chi-square test showed that the proportions of selected OM-related antibiotics 

were significantly different by physician type in each study year (Pearson chi-square=8,418.2, 

p<0.001 in 2008; Pearson chi-square=4,881.1, p<0.001 in 2009; Pearson chi-square=3,472.2, 

p<0.001in 2010; Pearson chi-square=3,848.6, p<0.001 in 2011). Therefore, Ho5 was rejected. 
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Table 3.6. Total frequencies and proportions of OM-related antibiotic prescriptions for selected antibiotics by physician type 

and study year (n*=652,347; n= 720,194) 

Selected 

Antibiotics 
Physician type [N (column %)] Pearson chi-

square (p-

value) 

Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

2008 

amoxicillin-

clavulanate 

1,134 (9.6) 4,918 (11.7) 865 (11.5) 496 (20.4) 24,950(20.1) 5,128(14.2) 8,418.2 

(<0.001) 

amoxicillin 7,431 (63.2) 21,212 (50.5) 4,128 (54.9) 924 (38.0) 56,259 (45.2) 20,699 (57.2)  

azithromycin 2,154 (18.3) 8,071 (19.2) 1,339 (17.8) 167 (6.9) 13,164 (10.6) 4,731 (13.1) 

clarithromycin 17 (0.1) 108 (0.3) 20 (0.3) 21 (0.9) 182 (0.1) 70 (0.2) 

cefdinir 1,003 (8.5) 7,532 (17.9) 1,136 (15.1) 803 (33.0) 29,424 (23.7) 5,423 (15.0) 

cefpodoxime 3 (<0.1) 11 (<0.1) 5 (0.1) 13 (0.5) 124 (0.1) 22 (0.1) 

cefuroxime 17 (0.1) 81 (0.2) 14 (0.2) 6 (0.2) 139 (0.1) 64 (0.2) 

ceftriaxone 1 (<0.1) 44 (0.1) 16 (0.2) 0 (0.0) 158 (0.1) 30 (0.1)  

Total 11,760 41,977 7,523 2,430 124,400 36,167  

2009 

amoxicillin- 

clavulanate 

891 (9.3) 3,191 (11.8) 612 (10.6) 285 (21.0) 15,345 (18.1) 3,502 (12.6) 4,881.1 

(<0.001) 

amoxicillin 6,044 (63.0) 14,174 (52.3) 3,230 (55.8) 503 (37.0) 42,131(49.6) 16,784(60.4)  

azithromycin 1,811 (18.9) 4,763 (17.6) 901 (15.6)  114 (8.4) 8,473 (10.0) 3,329 (12.0)  

clarithromycin 11 (0.1) 94 (0.3) 20 (0.3) 18 (1.3) 145 (0.2) 88 (0.3)  

cefdinir 834 (8.7) 4,757 (17.6) 985 (17.0) 424 (31.2) 18,643(21.9) 4,026 (14.5)  
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Table 3.6. Total frequencies and proportions of OM-related antibiotic prescriptions for selected antibiotics by physician type 

and study year (n*=652,347; n= 720,194) (cont’d) 

Selected 

Antibiotics 

Physician type [N (column %)] Pearson 

chi-square 

(p-value) 

 Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

cefpodoxime 0 (0.0) 1 (<0.1) 3 (0.1) 5(0.4) 24 (<0.1) 4 (<0.1)  

cefuroxime 10 (0.1) 66 (0.2) 21 (0.4) 9 (0.7) 136 (0.2) 51 (0.2)  

ceftriaxone 0 (0.0) 42 (0.2) 14 (0.2) 0 (0.0) 82 (0.1) 11 (<0.1)  

Total 9,601 27,088 5,786 1,358 84,979 27,795  

2010  

amoxicillin- 

clavulanate 

751 (9.0) 2,616 (12.0) 558 (11.7) 211 (19.8) 12,347(17.0) 3,288 (12.1) 3,472.2 

(<0.001) 

amoxicillin 5,439 (65.3) 11,446 (52.5) 2,751 (57.5) 396 (37.2) 38,566 (53.0) 16,709 (61.6) 

azithromycin 1,395 (16.8) 3,524 (16.2) 669 (14.0) 96 (9.0) 6,499 (8.9) 2,996 (11.0)  

clarithromycin 15 (0.2) 89 (0.4) 10 (0.2) 15 (1.4) 122 (0.2) 78 (0.3)  

cefdinir 712 (8.6) 4,026 (18.5) 770 (16.1) 344 (32.3) 15,026 (20.7) 3,988 (14.7)  

cefpodoxime 0 (0.0) 3 (<0.1) 0 (0.0) 0 (0.0) 26 (<0.1) 4 (<0.1)  

cefuroxime 11 (0.1) 48 (0.2) 14 (0.3) 2 (<0.1) 74 (0.1) 49 (0.2)  

ceftriaxone 0 (0.0) 36 (0.2) 9 (0.2) 0 (0.0) 48 (0.1) 13 (<0.1)  

Total 8,323 21,788 4,781 1,064 72,708 27,125  

2011 Observed*  

amoxicillin- 

clavulanate 

698 (7.6) 2,617 (11.1) 554 (12.6) 184 (19.2) 11,881 (16.4) 2,848 (11.4) 3,848.6 

(<0.001) 

amoxicillin 6,177 (67.6) 12,638 (53.6) 2,505 (57.0) 382 (39.9) 38,398 (52.9) 15,717 (62.7) 
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Table 3.6. Total frequencies and proportions of OM-related antibiotic prescriptions for selected antibiotics by physician type 

and study year (n*=652,347; n= 720,194) (cont’d) 

Selected 

Antibiotics 

Physician type [N (column %)] Pearson 

chi-square 

(p-value) 

 Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

azithromycin 1,423 (15.6) 3,876 (16.4) 615 (14.0) 81 (8.5) 6,548 (9.0) 2,725 (10.9)  

clarithromycin 9 (0.1) 97 (0.4) 16 (0.4) 17 (1.8) 126 (0.2) 45 (0.2)  

cefdinir 811 (8.9) 4,254 (18.0) 692 (15.7) 287 (30.0) 15,407 (21.2) 3,689 (14.7)  

cefpodoxime 0 (0.0) 2 (<0.1) 0 (0.0) 3 (0.3) 14 (<0.1) 9 (<0.1)  

cefuroxime 19 (0.2) 53 (0.2) 5 (0.1) 3 (0.3) 63 (0.1) 43 (0.2)  

ceftriaxone 0 (0.0) 34 (0.1) 8 (0.2) 0 (0.0) 111 (0.2) 10 (<0.1)  

Total 9,137 23,571 4,395 957 72,548 25,086  

2011 Extrapolated       

amoxicillin- 

clavulanate 

1,047 (7.6) 3,926 (11.1) 831 (12.6) 276 (19.2) 17,822 (16.4) 4,272 (11.4) 5,759.3 

(p<0.001) 

amoxicillin 9,266 (67.6) 18,957 (53.6) 3,758 (57.0) 573 (39.9) 57,597 (52.9) 23,576 (62.7) 

azithromycin 2,135 (15.6) 5,814 (16.4) 922 (14.0) 122 (8.5) 9,822 (9.0) 4,088 (10.9)  

clarithromycin 13 (0.1) 145 (0.4) 24 (0.4) 26 (1.8) 189 (0.2) 68 (0.2)  

cefdinir 1,217 (8.9) 6,381 (18.0) 1,038 (15.7) 430 (30.0) 23,111 (21.2) 5,534 (14.7)  

cefpodoxime 0 (0.0) 3 (<0.1) 0 (0.0) 5 (0.3) 21 (<0.1) 14 (<0.1)  

cefuroxime 28 (0.2) 79 (0.2) 7 (0.1) 4 (0.3) 95 (0.1) 65 (0.2)  

ceftriaxone 0 (0.0) 51 (0.1) 12 (0.2) 0 (0.0) 166 (0.2) 15 (<0.1)  

Total 

 

13,706  35,356 6,592  1,436 108,823 37,632   
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Table 3.6. Total frequencies and proportions of OM-related antibiotic prescriptions for selected antibiotics by physician type 

and study year (n*=652,347; n= 720,194) (cont’d) 

Selected 

Antibiotics 

Physician type [N (column %)] Pearson 

chi-square 

(p-value) 

 Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

Overall Observed*       

amoxicillin- 

clavulanate 

3,474 (8.9) 13,342 (11.7) 2,589 (11.5) 1,176 (20.2) 64,523 (18.2) 14,766 (12.7) 20,348.2 

(p<0.001) 

amoxicillin 25,091 (64.6) 59,470 (52.0) 12,614 (56.1) 2,205 (38.0) 175,354 (49.4) 69,909 (60.2)  

azithromycin 6,783 (17.5) 20,234 (17.7) 3,524 (15.7) 458 (7.9) 34,684 (9.8) 13,781 (11.9)  

clarithromycin 52 (0.1) 388 (0.3) 66 (0.3) 71 (1.2) 575 (0.2) 281 (0.2)  

cefdinir 3,360 (8.7) 20,569 (18.0) 3,583 (15.9) 1,858 (32.0) 78,500 (22.1) 17,126 (14.7)  

cefpodoxime 3 (<0.1) 17 (<0.1) 8 (<0.1) 21 (0.4) 188 (0.1) 39 (<0.1)  

cefuroxime 57 (0.1) 248 (0.2) 54 (0.2) 20 (0.3) 412 (0.1) 207 (0.2)  

ceftriaxone 1 (<0.1) 156 (0.1) 47 (0.2) 0 (0.0) 399 (0.1) 64 (0.1)  

Total 38,821 114,424 22,485 5,809 354,635 116,173  

Overall Extrapolated       

amoxicillin- 

clavulanate 

3,823 (8.8) 14,651 (11.6) 2,866 (11.6) 1,268 (20.5) 70,464 (18.0) 16,188 (12.6) 22,186.5 

(<0.001) 

amoxicillin 28,180(64.9) 65,789 (52.1) 13,867 (56.2) 2,396 (38.7) 194,553 (49.8) 77,767 (60.4) 

azithromycin 7,495 (17.3) 22,172 (17.6) 3,832 (15.5) 499 (8.1) 37,958 (9.7) 15,142 (11.8)  

clarithromycin 56 (0.1) 436 (0.3) 74 (0.3) 80 (1.3) 638 (0.2) 304 (0.2)  

cefdinir 3,766 (8.7) 22,696 (18.0) 3,929 (15.9) 2,001 (30.7) 86,204 (22.1) 18,971 (14.7) 
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Table 3.6. Total frequencies and proportions of OM-related antibiotic prescriptions for selected antibiotics by physician type 

and study year (n*=652,347; n= 720,194) (cont’d) 

Selected 

Antibiotics 

Physician type [N (column %)] Pearson 

chi-square 

(p-value) 

 Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

cefpodoxime 3 (<0.1) 18 (<0.1) 8 (<0.1) 23 (0.4) 195 (<0.1) 43 (<0.1)  

cefuroxime 66 (0.2) 274 (0.2) 56 (0.2) 21 (0.4) 444 (0.1) 230 (0.2)  

ceftriaxone 1 (<0.1) 173 (0.1) 51 (0.2) 0 (0.0) 454 (0.1) 69 (0.1)  

Total 43,390 126,209 24,683 6,288 390,910 128,714  

* 2011 data were for Jan-Aug only 
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Objective 6 

 Objective 6 was to determine whether the proportions of prescriptions for antibiotic 

categories differ significantly by physician type for each year during the study period. The study 

results are shown by each year (Table 3.7). The hypothesis for this objective is: 

Ho6: There is no significant difference in the proportions of prescriptions for each OM-related 

antibiotic category by physician type for each year during the study period. 

 Overall, penicillins were predominately prescribed by all types of physicians. 

Cephalosporins were prescribed often by all types of physicians except for emergency medicine 

physicians. Macrolides were prescribed least by almost all physicians; however, emergency 

medicine physicians prescribed macrolides more often than cephalosporins. Pediatricians were 

the major prescribers of OM-related antibiotics. The total number of OM-related antibiotic 

prescriptions by pediatricians was three times greater than by family/general practice physicians 

who were the second major OM-related antibiotics prescribers (pediatricians: 354,635 claims; 

family/general practice physicians: 114,424 clams). Emergency medicine physicians prescribed 

38,821 OM-related antibiotic prescriptions which accounted for 6% of total OM-related 

antibiotic prescriptions. Otolaryngologists prescribed the least number of OM-related antibiotic 

prescriptions which accounted for less than 1% of the total number of OM-related antibiotic 

prescriptions. These prescribing patterns were consistent during study years as well as for 

extrapolated data in 2011.  

A Pearson chi-square test showed that the proportions of prescriptions in OM-related 

antibiotic categories were significantly different by physician type in each study year (Pearson 

chi-square=5,000.4, p<0.001 in 2008; Pearson chi-square=2,979.5, p<0.001 in 2009; Pearson 
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chi-square=2,259.9, p<0.001in 2010; Pearson chi-square=2,334.0, p<0.001 in 2011). Therefore, 

Ho6 was rejected. 
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Table 3.7. Total frequencies and proportions of OM-related antibiotic prescriptions by antibiotic category, physician type and 

study year (n*=652,347; n=720,194) 

Antibiotic category  Physician type [N (column %)] Pearson 

chi-square 

(p-value) 
Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others 

2008 

Penicillins 8,565  

(72.8) 

26,130  

(62.6) 

4,993 

(66.4) 

1,420  

(58.4) 

81,209 

(65.3) 

25,827 

(71.4) 

5,000.4 

(<0.001) 

Macrolides 2,171  

(18.5) 

8,179  

(19.5) 

1,359 

(18.1) 

188  

(7.7) 

13,346 

(10.7) 

4,801 

(13.3) 

Cephalosporins 1,024  

(8.7) 

7,668  

(18.3) 

1,171 

(15.6) 

822  

(33.8) 

29,845 

(24.0) 

5,539 

(15.3) 

Total 11,760 41,977 7,523 2,430 124,400 36,167  

2009 

Penicillins 6,935  

(72.2) 

17,365  

(64.1) 

3,842 

(66.4) 

788  

(58.0) 

57,476 

(67.6) 

20,286 

(73.0) 

2,979.5 

(<0.001) 

Macrolides 1,822  

(19.0) 

4,857  

(17.9) 

921  

(15.9) 

132  

(9.7) 

8,618 

(10.1) 

3,417 

(12.3) 

Cephalosporins 844  

(8.8) 

4,866  

(18.0) 

1,023 

(17.7) 

438 

(32.3)  

18,885 

(22.2) 

4,092 

(14.7) 

Total 9,601 27,088 5,786 1,358 84,979 27,795  

2010  

Penicillins 6,190 

(74.4) 

14,062 

(64.5) 

3,309 

(69.2) 

607 

(57.0) 

50,913 

(70.0) 

19,997 

(73.7) 

2,259.9 

(<0.001) 

Macrolides 1,410 

(16.9) 

3,613 

(16.6) 

679 

(14.2) 

111 

(10.4) 

6,621 

(9.1) 

3,074 

(11.3) 
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Table 3.7. Total frequencies and proportions of OM-related antibiotic prescriptions by antibiotic category, physician type 

and study year (n*=652,347; n=720,194) (cont’d) 

Antibiotic category Physician type [N (column %)] Pearson 

chi-square 

(p-value) 

 Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

Cephalosporins 723 

(8.7) 

4,113 

(18.9) 

793 

(16.6) 

346 

(32.5) 

15,174 

(20.9) 

4,054 

(14.9) 

 

Total 8,323 21,788 4,781 1,064 72,708 27,125  

2011 Observed*  

Penicillins 6,875 

(75.2) 

15,255 

(64.7) 

3,059 

(69.6) 

566 

(59.1) 

50,279 

(69.3) 

18,565 

(74.0) 

2,334.0 

(<0.001) 

Macrolides 1,432  

(15.7) 

3,973 

(16.9) 

631 

(14.4) 

98 

(10.2) 

6,674  

(9.2) 

2,770 

(11.0) 

Cephalosporins 830  

(9.1) 

4,343 

(18.4) 

705  

(16.0) 

293 

(30.6) 

15,595 

(21.5) 

3,751 

(15.0) 

Total 9,137 23,571 4,395 957 72,548 25,086  

2011 Extrapolated        

Penicillins 10,312 

(75.2) 

22,882 

(64.7) 

4,589 

(69.6) 

849 

(59.1) 

75,419 

(69.3) 

27,848 

(74.0) 

3,447.319 

(<0.001) 

Macrolides 2,148 

(15.7) 

5,959 

(16.9) 

946 

(14.4) 

147 

(10.2) 

10,011 

(9.2) 

4,155 

(11.0) 

Cephalosporins 1,245 

(9.1) 

6,514 

(18.4) 

1,057 

(16.0) 

440 

(30.6) 

23,393 

(21.5) 

5,627 

(15.0) 

 

Total 13,705 35,360 6,594 1,436 108,923 37,630  
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Table 3.7. Total frequencies and proportions of OM-related antibiotic prescriptions by antibiotic category, physician type 

and study year (n*=652,347; n=720,194) (cont’d) 

Antibiotic category Physician type [N (column %)] Pearson 

chi-square 

(p-value) 

 Emergency 

medicine 

Family/General 

practice 

Internal 

medicine 

Otolaryngology Pediatrics Others  

Overall Observed* 

Penicillins 28,565 

(73.6) 

72,812 

(63.6) 

15,203 

(67.6) 

3,381 

(58.2) 

239,877 

(67.6) 

84,675 

(72.9) 

12,515.542 

(<0.001) 

Macrolides 6,835  

(17.6) 

20,622 

(18.0) 

3,590 

(16.0) 

529 

(9.1) 

35,259 

(9.9) 

14,062 

(12.1) 

Cephalosporins 3,421 

(8.8) 

20,990 

(18.3) 

3,692  

(16.4) 

1,899 

(32.7) 

79,499  

(22.4) 

17,436 (15.0) 

Total 38,821 114,424 22,485 5,809 354,635 116,173 

Overall Extrapolated       

Penicillins 32,002 

(73.8) 

80,439 

(63.7) 

16,733 

(67.8) 

3,664 

(59.3) 

265,017 

(67.8) 

93,958 

(73.0) 

13,598.438 

(<0.001) 

Macrolides 7,551 

(17.4) 

22,608 

(17.9) 

3,905 

(15.8) 

578 

(9.2) 

38,596 

(9.9) 

15,447 

(12.0) 

 

Cephalosporins 3,836 

(8.8) 

23,161 

(18.4) 

4,044 

(16.4) 

2,046 

(32.5) 

87,297 

(22.3) 

19,312 

(15.0) 

 

Total 43,389 126,208 24,682 6,288 390,910 128,717  

* 2011 data were for Jan-Aug only 
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Objective 7 

 Objective 7 was to determine whether the proportions of prescriptions for OM-related 

antibiotics differ significantly by OM diagnosis during the study period. The study results are 

shown in Table 3.8. The hypothesis for this objective is: 

Ho7: There is no significant difference in the proportions of prescriptions for selected OM-

related antibiotics by OM diagnosis for each year during the study period. 

In general, more selected antibiotics were prescribed for AOM compared to COM during 

the study years (AOM: 250,259 (38.4%); COM: 11,847 (1.8%)). Antibiotic prescriptions for 

unspecified OM accounted for more than half of the total number of OM-related antibiotic 

prescriptions (59.8%). The chi-square test showed that there was a significant difference in the 

proportions of prescriptions for OM-related antibiotics among study years (Chi-square=226.8, 

p<0.001). Therefore, Ho7 was rejected; however, although statistical significance was achieved, 

the differences in proportions across study years are relatively small and the large sample size no 

doubt contributed to the statistical significance. 

A downward trend in the number of OM-related antibiotic prescriptions was seen for 

each OM diagnosis category from 2008 to 2010. However, the extrapolated number of 

prescriptions for OM-related antibiotics for AOM, COM and UOM increased greatly in 2011.   
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Table 3.8. Total frequencies and proportions of OM-related antibiotic prescriptions by OM diagnosis and study year 

(n*=652,347; n=720,194) 

OM Diagnoses  Study Years [N (column %)] Total [N (column %)] Chi-square 

(p-value) 2008 2009 2010 2011               

 Observed Observed Observed Observed* Extrapolated Observed* Extrapolated  

AOM 86,224 

(38.5) 

61,198 

(39.1) 

52,383 

(38.6) 

50,454 

(37.2) 

75,681 

(37.2) 

250,259 

(38.4) 

275,486 

(38.2) 

226.8 

(<0.001) 

COM 4,269 

(1.9) 

2,782 

(1.8) 

2,586 

(1.9) 

2,210 

(1.6) 

3,315 

(1.6) 

11,847 

(1.8) 

12,952 

(1.8) 

 

Unspecified OM 133,764 

(59.6) 

92,627 

(59.1) 

80,820 

(59.5) 

83,030 

(61.2) 

124,545 

(61.2) 

390,241 

(59.8) 

431,756 

(60.0) 

 

Total 224,257 156,607 135,789 135,694 203,541 652,347 720,194  

* 2011 data were Jan-August only 

OM: otitis media; AOM: acute otitis media; COM: chronic otitis media;  
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Objective 8 

 Objective 8 was to assess whether the annual total expenditures for selected antibiotics 

differ by year during the study period. Descriptive statistics are shown in Table 3.9. Figure 3.6 

shows the trend in total expenditures for selected OM-related antibiotic prescriptions during the 

study years. 

 Overall, the expenditures for cefdinir prescriptions accounted for about half of the total 

expenditures for OM-related antibiotic prescriptions ($10,004,468, 46.3%). The expenditure for 

amoxicillin-clavulanate prescriptions was $4,988,151 which accounted for 23.1% of the total 

expenditure for OM-related antibiotics. The total cost for amoxicillin, which was the most 

frequently prescribed antibiotic, was $4,292,484 which accounted for 19.9% of the total 

expenditures. The expenditure for azithromycin was also notable. It cost $2,136,715 and 

accounted for 9.9% of the total expenditures. The expenditures for other selected antibiotics, 

such as clarithromycin, cefpodoxime, cefuroxime and ceftriaxone, accounted for a small 

proportion of the total OM-related antibiotic expenditures ($76,252, 0.4% for clarithromycin; 

$24,097, 0.1% for cefpodoxime; $82,562, 0.4% for cefuroxime; and $11,534, 0.1% for 

ceftriaxone).  

A downward trend in expenditures was observed for all selected OM-related antibiotics 

from 2008 to 2010 (Figure 3.5). However, the observed expenditures for amoxicillin-clavulanate, 

azithromycin, and ceftriaxone in 2011 exceeded the expenditures in 2010 although only eight 

months of data were available for 2011. Extrapolated data for 2011 showed that the total 

expenditure was greater than the expenditures in previous two years and close to the total 

expenditure in 2008 (Table 3.9). The total annual expenditures for clarithromycin, cefpodoxime, 
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cefuroxime and ceftriaxone accounted for less than 1% of the total expenditure in each study 

year.                   
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Table 3.9. Annual total expenditures for selected OM-related antibiotics by year (n*=652,347; n=720,194) 

Selected OM-related 

Antibiotics  
Study Years [$ (column %)] Total [$ (column %)] 

2008 2009 2010 2011  

 Observed Observed Observed Observed Extrapolated Observed Extrapolated 

amoxicillin- clavulanate 2,094,042 

(25.1) 

1,267,980 

(24.0) 

797,020  

(19.9) 

829,109 

(20.8) 

1,243,664 

(20.8) 

4,988,151 

(23.1) 

5,402,706 

(22.9) 

amoxicillin 1,439,812 

(17.3) 

1,129,316 

(21.4) 

861,827  

(21.5) 

861,529 

(21.6) 

1,292,293 

(21.6) 

4,292,484 

(19.9) 

4,723,248 

(20.0) 

azithromycin 964,846  

(11.6) 

468,393 

(8.9) 

343,166 

(8.6) 

360,310 

(9.1) 

540,465 

(9.1) 

2,136,715 (9.9) 2,316,870 

(9.8) 

clarithromycin 22,491 

(0.3) 

20,929 

(0.4) 

17,254 

(0.4) 

15,578 

(0.4) 

23,367 

(0.4) 

76,252 

(0.4) 

84,041 

(0.4) 

cefdinir 3,766,520 

(45.2) 

2,372,680 

(44.9) 

1,972,765 

(49.2) 

1,892,503 

(47.5) 

2,838,754 

(47.5) 

10,004,468 

(46.3) 

10,950,719 

(46.4) 

cefpodoxime 16,295 

(0.2) 

3,260 

(0.1) 

2,496 

(0.1) 

2,046 

(0.1) 

3,069 

(0.1) 

24,097 

(0.1) 

25,120 

(0.1) 

cefuroxime 27,045 

(0.3) 

21,448 

(0.4) 

17,084 

(0.4) 

16,985 

(0.4) 

3,870 

(0.4) 

82,562 

(0.4) 

69,447 

(0.3) 

ceftriaxone 4,913 

(0.1) 

2,306 

(<0.1) 

1,735 

(<0.1) 

2,580 

(0.1) 

25,477 

(0.1) 

11,534 

(0.1) 

34,431 

(0.1) 

Total 8,335,964 5,286,312 4,013,347 3,980,640 5,970,959 21,616,263 23,606,582 

* 2011 data were for Jan-Aug only 
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Figure 3.6 Trend in total expenditures for selected OM-related antibiotic prescriptions 

during study years 
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Objective 9  

 Objective 9 was to assess whether the annual total expenditures for each antibiotic 

category differ by year during the study period. Descriptive statistics are shown in Table 3.10. 

Figure 3.7 shows the trend in total expenditures for OM-related antibiotic categories during the 

study years. 

 The total expenditures for penicillins and cephalosporins accounted for about 90% of the 

overall total expenditures. The proportion of total expenditures accounted for by cephalpsporins 

(46.9%, $10,122,660) was higher than that for penicillins (42.9%, $9,280,634). Macrolides 

accounted for the lowest proportion (10.2%, $2,212,969).  

 The trend of decreasing annual total expenditures for different antibiotic categories was 

consistent from 2008 to 2010. However, the annual total expenditures for penicillins and 

macrolides in 2011 (both observed and extrapolated data) exceeded the annual total expenditures 

in 2010.  

 

 

 

 



 

97 
 

 

Table 3.10. Expenditures for antibiotic categories by year (n*=652,347, n=720,194) 

OM-related Antibiotic 

Category  
Study Years [$ (column %)] Total [$ (column %)] 

2008 2009 2010 2011  

 Observed Observed Observed Observed Extrapolated Observed Extrapolated 

Penicillins 3,533,854 

(42.4) 

2,397,296  

(45.3) 

1,658,846 (41.3) 1,690,638  

(42.5) 

2,535,958 

(42.5) 

9,280,634  

(42.9) 

10,125,954 

(42.9) 

Macrolides 987,337 

 (11.8) 

489,322 

(9.3) 

360,421  

(9.0) 

375,889 

(9.4) 

563,831 

(9.4) 

2,212,969  

(10.2) 

2,400,911 

(10.2) 

Cephalosporins 3,814,773 

(45.8) 

2,399,694  

(45.4) 

1,994,080 (49.7) 1,914,113 

 (48.1) 

2,871,170 

(48.1) 

10,122,660 

(46.9) 

11,079,717 

(46.9) 

Total 8,335,964 5,286,312 4,013,347 3,980,640 5,970,959 21,616,263 23,606,582 

* 2011 data were for Jan-Aug only 
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Figure 3.7. Trend in total expenditures for selected OM-related antibiotic categories during 

study years 
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Objective 10 

 Objective 10 was to assess whether the annual total expenditures for OM-related 

antibiotic prescriptions differ by OM diagnosis during the study period. Descriptive statistics are 

shown in Table 3.11.  

 The overall total expenditure for OM-related antibiotic prescriptions was $8,691,770 

(extrapolated $9,463,890) for AOM, $444,718 (extrapolated $483,193) for COM and 

$12,479,775 (extrapolated $13,659,499) for unspecified OM. The annual total expenditures for 

OM-related antibiotics decreased substantially for all OM diagnoses from 2008 to 2010. As with 

the trend for annual number of OM-related antibiotic prescriptions by OM diagnosis, the 

extrapolated annual expenditures in 2011 for all three OM diagnosis groups (AOM, COM, and 

Unspecified OM) exceeded the annual expenditures in the previous two years.  
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Table 3.11. Annual total expenditures for OM-related antibiotics by OM diagnosis and study year (n*=652,347, n=720,194) 

OM Diagnoses  Study Years [$ (column %)] Total [$ (column %)] 

2008 2009 2010 2011  

 Observed Observed Observed Observed* Extrapolated Observed* Extrapolated 

AOM 3,352,298 

(40.2) 

2,166,396 

(41.0) 

1,628,840 

(40.6) 

1,544,236 

(38.8) 

2,316,356 

(38.8) 

8,691,770 

(40.2) 

9,463,890 

(40.1) 

COM 177,308 

(2.1) 

108,555 

(2.1) 

81,910 

(2.4) 

76,945 

(2.0) 

115,420 

(2.0) 

444,718 

(2.1) 

483,193 

(2.0) 

Unspecified OM 4,806,358 

(57.7) 

3,011,361 

(57.0) 

2,302,597 

(57.4) 

2,359,459 

(59.3) 

3,539,183 

(59.3) 

12,479,775 

(57.7) 

13,659,499 

(57.9) 

Total 8,335,964 5,286,312 4,013,347 3,980,640 5,970,959 21,616,263 23,606,582 

* 2011 data were Jan-Aug only 
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Objective 11 

 Objective 11 was to determine whether the mean expenditure per antibiotic prescription 

differs significantly by year during the study period. The Welch’s ANOVA and post-hoc test 

results are presented in Table 3.12 and Table 3.13. The hypothesis for this objective is: 

Ho11: There is no significant difference in mean expenditure per OM-related antibiotic 

prescription by year during the study period. 

 Welch’s ANOVA test indicated that the mean expenditure per antibiotic prescription was 

significantly different across study years (F=3,458.30, p<0.001). The mean expenditures (SD) 

decreased across study years with values of $37.17 (33.57), $33.76 (31.96), $29.56 (31.60) and 

$29.34 (30.73) for 2008 to 2011, respectively. Thus, Ho11 was rejected. Bonferroni post-hoc 

tests indicated that all group means were significantly different from each other except for the 

difference between 2010 and 2011 (mean difference=$0.22, p=0.447). 

 

Table 3.12. Mean expenditures per prescription for OM-related antibiotics by year 

(n*=652,347)  

Variables 

 
Study Years [Mean $ (SD)] F p-value** 

2008 2009 2010 2011   

 Observed 

N=224,257 

Observed 

N=156,607 

Observed 

N=135,789 

Observed 

N=135,694 

  

Mean 

expenditure 

per 

prescription 

37.17  

(33.57) 

33.76  

(31.96) 

29.56  

(31.60) 

29.34  

(30.73) 

3,458.3 

 

<0.001 

* 2011 data were for January to August only 

**Welch’s ANOVA test 
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Table 3.13. Post-hoc test for Welch’s ANOVA 

Test Study Year Mean 

Difference 

Standard 

Error 

p-value** 95% CI 

Bonferroni 2008 2009 3.416 0.106 0.000 3.14 3.70 

  2010 7.616 0.111 0.000 7.32 7.91 

    2011* 7.836 0.111 0.000 7.54 8.13 

 2009 2008 -3.416 0.106 0.000 -3.82 -3.02 

  2010 4.200 0.119 0.000 3.75 4.65 

    2011* 4.420 0.119 0.000 3.97 4.87 

 2010 2008 -7.616 0.111 0.000 -8.03 -7.20 

  2009 -4.200 0.119 0.000 -4.65 -3.75 

    2011* 0.220 0.124 0.447 -0.24 0.69 

   2011* 2008 -7.836 0.111 0.000 -8.25 -7.42 

  2009 -4.420 0.119 0.000 -4.87 -3.97 

  2010 -0.220 0.124 0.447 -0.69 0.24 

CI: Confidence Interval 

* 2011 data were for Jan-Aug only 

** Significance at p<0.001 
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Objective 12 

 Objective 12 was to determine whether patient demographic characteristics (age, gender, 

race/ethnicity, region, and plan type) and OM-related characteristics (physician type, OM-

diagnosis and selected antibiotics) are significantly associated with mean cost of antibiotic 

prescriptions during the study period. A generalized linear regression analysis (with a gamma 

distribution and a log link) was used with cost of prescriptions for OM-related antibiotics as the 

dependent variable and demographic and OM-related characteristics as independent variables. 

Table 3.14 provides regression coefficients, standard errors, t values, and 95% confidence 

intervals for all variables included in this model. 

  Overall, all independent variables were significantly related to the mean cost of OM-

related antibiotic prescriptions during the study period (race/ethnicity, sex, region, plan type, age, 

physician types, selected antibiotics and OM diagnosis). Exponentiating the coefficients 

(estimates) for each variable results in a percentage difference between the reference group and 

the comparison group.  These percentages are reported below. 

 Controlling for other factors, each one-year increase in age was associated with an 

increase of 3.7% in the mean cost of OM-related antibiotic prescriptions. The mean cost of OM-

related antibiotic prescriptions for African American children was 4.8% higher than that for 

whites. The mean cost of OM-related antibiotic prescriptions for Hispanics was 6.2% higher than 

that for whites. The mean cost of OM-related antibiotic prescriptions for females was 1.5% lower 

compared to males. OM-related antibiotic prescription mean cost was 7.0% higher for children 

who lived in urban areas compared to those in rural areas. The mean cost of OM-related 

antibiotic prescriptions was 2.3% higher for children enrolled in FFS plans compared to those 



 

104 
 

enrolled in MCOs. Additionally, the mean cost of OM-related antibiotic prescriptions prescribed 

by pediatricians and emergency medicine physicians was 3.5% and 1.5% higher, respectively 

compared to family/general practice physicians. However, the mean cost of OM-related 

antibiotic prescriptions prescribed by otolaryngologists was 2.1% lower compared to 

family/general practice physicians. The results also showed that all selected antibiotics were 

significantly associated with higher mean costs for OM-related antibiotic prescriptions compared 

to amoxicillin.   

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

105 
 

Table 3.14. Association between demographic and OM-related characteristics and mean 

costs of prescriptions for OM-related antibiotics 

Variables Estimate SE 95%CI t-value p-value** 

Demographic Characteristics 

Race/ethnicity (ref=White) 

Black 0.0465 0.0020 0.0426 0.0504 558.03 <.0001* 

Hispanic 0.0601 0.0014 0.0574 0.0628 1915.69 <.0001* 

American 

Indian 

0.0251 0.0094 0.0067 0.0435 7.15 0.0075 

Asian  0.0192 0.0049 0.0096 0.0289 15.31 <.0001* 

Unknown -0.0376 0.0028 -0.0431 -0.0321 179.33 <.0001* 

Sex (ref=Male) 

Female -0.0151 0.0010 -0.0171 -0.0131 222.82 <.0001* 

Region (ref=Rural area) 

Urban area 0.0679 0.0017 0.0645 0.0712 1575.22 <.0001* 

Unknown -0.0150 0.0207 -0.0555 0.0255 0.53 0.4680 

Insurance plan (ref=MCO) 

FFS 0.0223 0.0013 0.0198 0.0247 308.25 <.0001* 

 Age  

1-12 years old 0.0364 0.0002 0.0360 0.0367 44783.2 <.0001* 

OM-related Characteristics 

Physician types (ref=Family/General practice) 

Emergency 

medicine 

0.0146 0.0024 0.0098 0.0193 36.16 <.0001* 

Internal medicine 0.0043 0.0030 -0.0015 0.0102 2.10 0.1475 

Otolaryngology -0.0215 0.0058 -0.0328 -0.0101 13.78 0.0002* 

Pediatric 0.0342 0.0014 0.0314 0.0370 573.02 <.0001* 

Others 0.0360 0.0017 0.0326 0.0394 436.71 <.0001* 

OM Diagnosis (ref=Acute OM) 

Chronic OM -0.0051 0.0040 -0.0130 0.0028 1.61 0.2047 

Unspecified OM 0.0098 0.0011 0.0077 0.0119 84.31 <.0001* 

Selected antibiotics (ref=amoxicillin) 

amoxicillin-

clavulanate 

1.3535 0.0015 1.3506 1.3565 828068 <.0001* 

azithromycin 0.7660 0.0016 0.7629 0.7692 222633 <.0001* 

clarithromycin 1.4105 0.0108 1.3893 1.4317 16968.1 <.0001* 

cefdinir 1.8323 0.0014 1.8296 1.8350 1782165 <.0001* 

cefpodoxime 1.9812 0.0246 1.9330 2.0295 6473.94 <.0001* 
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Table 3.14. Association between demographic and OM-related characteristics and mean 

costs of prescriptions for OM-related antibiotics (cont’d) 

Variables Estimate SE 95%CI t-value p-value** Variables 

cefuroxime 1.8899 0.0130 1.8644 1.9153 21263.0 <.0001* 

ceftriaxone 0.3258 0.0158 0.2948 0.3569 422.65 <.0001* 

CI: Confidence Interval   

* Significant at p<0.001 

** Generalized linear model with a gamma distribution and a log link 
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Results of the hypothesis tests are shown in Table 3.15. 

 

Table 3.15. Results of hypotheses tests 

Objectives Hypothesis Results 

3. To determine whether the 

proportions of prescriptions for 

each OM-related antibiotic 

category differ significantly by 

year during the study period 

Ho3: There is no significant difference in the 

proportions of prescriptions for each OM-related 

antibiotic category by year during the study period. 

Rejected 

4. To determine whether the 

proportions of prescriptions for 

selected OM-related antibiotics 

differ significantly by year 

during the study period 

Ho4: There is no significant difference in the 

proportions of prescriptions for selected OM-related 

antibiotics by year during the study period. 

Rejected 

5. To determine whether the 

proportions of prescriptions for 

selected OM-related antibiotics 

differ significantly by physician 

type for each year during the 

study period 

Ho5: There is no significant difference in the 

proportions of prescriptions for selected OM-related 

antibiotics by physician type for each year during the 

study period. 

Rejected 

6. To determine whether the 

proportions of prescriptions for 

each OM-related antibiotic 

category differ significantly by 

physician type for each year 

during the study period 

Ho6: There is no significant difference in the 

proportions of prescriptions for each OM-related 

antibiotic category by physician type for each year 

during the study period. 

Rejected 

7. To determine whether the 

proportions of prescriptions for 

selected OM-related antibiotics 

differ significantly by OM 

diagnosis during the study 

period 

Ho7: There is no significant difference in the 

proportions of prescriptions for selected OM-related 

antibiotics by OM diagnosis for each year during the 

study period. 

Rejected 
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Table 3.15. Results of hypotheses tests (cont’d) 

Objectives Hypothesis Results 

11. To determine whether mean 

expenditure per OM-related 

antibiotic prescription differs 

significantly by year during the 

study period 

Ho11: There is no significant difference in mean 

expenditure per OM-related antibiotic prescription by 

year during the study period. 

Rejected 

12. To determine whether 

patient demographic 

characteristics (age, gender, 

race/ethnicity, region, plan 

type) and OM-related 

factors(physician type, OM 

diagnosis and selected OM-

related antibiotics) are 

significantly associated with 

mean cost of OM-related 

antibiotic prescriptions during 

the study period 

Ho12a: There is no significant association between 

patient gender and mean cost of OM-related antibiotic 

prescriptions during the study period while controlling 

for other covariates. 

Rejected 

Ho12b: There is no significant association between 

patient age and mean cost of OM-related antibiotic 

prescriptions during the study period while controlling 

for other covariates. 

Rejected 

Ho12c: There is no significant association between 

patient region and mean cost of OM-related antibiotic 

prescriptions during the study period while controlling 

for other covariates. 

Rejected 

Ho12d: There is no significant association between 

patient race/ethnicity and mean cost of OM-related 

antibiotic prescriptions during the study period while 

controlling for other covariates. 

Rejected 

Ho12e: There is no significant association between 

plan type and mean cost of OM-related antibiotic 

prescriptions during the study period while controlling 

for other covariates. 

Rejected 

 Ho12f: There is no significant association between 

physician type and mean cost of OM-related antibiotic 

prescriptions during the study years while controlling 

for other covariates. 

Rejected 
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Table 3.15. Results of hypotheses tests (cont’d) 

Objectives Hypothesis Results 

 Ho12g: There is no significant association between OM 

diagnosis and mean cost of OM-related antibiotic 

prescriptions during the study years while controlling 

for other covariates. 

Rejected 

 Ho12h: There is no significant association between 

selected antibiotics and mean cost of OM-related 

antibiotic prescriptions during the study years while 

controlling for other covariates. 

Rejected 
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Chapter 4:  Discussion and Conclusions 

Introduction 

The purpose of this chapter is to discuss the results and implications of this study. A 

summary of results and related discussion are presented in the order of the objectives. 

 

Demographic Characteristics and OM-Related Characteristics 

  According to the study by Marom et al. which used insurance claims from a nationwide 

managed healthcare plan, over half (52%) of children with OM visits were males and 48% were 

younger than 2 years old.
[117] 

Our study results were consistent with their study results in terms of 

gender (51.7% males and 48.3% females) and age (48.4% of children were younger than 2 years 

old). With respect to race/ethnicity, a majority of the Texas Medicaid population was Hispanic 

(65%) according to the Texas Medicaid enrollment statistics. Our study sample was also 

predominantly Hispanic (65.3%). A previous study reported that Hispanic and white children 

were more likely to experience OM compared to African American and Asian children.
[36]

 This 

may be one reason of a large number of OM-related antibiotic prescriptions used and high 

expenditures for OM-related antibiotic prescriptions in this study.   

 In this study, the proportion of children with an OM-related diagnosis living in urban 

areas (84.1%) was five times higher than for children living in rural areas (15.8%). Somewhat 

different results were reported in a previous study by Minja et al.
[119]

 They reported that a greater 

proportion of children in rural schools experienced chronic superlative OM compared to urban 

school children. One possible explanation for this apparent discrepancy is that a different age 

group was selected in Minja et al.’s study. Minja et al. examined children aged from 5 to 20 
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years old in rural schools and children aged 5 to 19 years old in urban schools. Another 

difference was that AOM, COM and other unspecified OM were included in the current study 

while only chronic superlative OM was included in Minja et al.’s study. The lower prevalence of 

children with an OM diagnosis in urban areas in Minja et al.’s study was possibly due to better 

access to medical care in urban areas.  Children living in urban areas may have easier access to 

medical services leading to a higher likelihood of timely treatment for AOM. Thus, fewer 

children with AOM may progress to COM. The current study also found that AOM was the 

major diagnosis, except for unspecified OM.  

 The current study also found that the number of children enrolled in the FFS program 

who had a diagnosis of OM decreased sharply from 2009 to 2010. This decrease is reflective of 

the relatively small number of children with OM recorded in the original Texas Medicaid 

medical file in 2010 from which the study data were extracted. Further inspection of the original 

data showed that the number of enrollees in the original Texas Medicaid medical file for the FFS 

program was relatively small for the May to August 2010 time period in particular.   

Overall, the frequency of children with OM visits decreased from 221,909 in 2008 to 

134,249 in 2010. A similar declining trend in prevalence of OM was reported in previous 

studies.
[36,117]

 Introduction of the conjugate pneumococcal vaccine (PCV7) in February 2000 has 

been shown to contribute to the decline in OM incidence from 2001 to 2011.
[117]

 A recent study 

by Marom et al. addressed a declining trend in OM visits based on primary diagnosis in the 

United States from 2001 to 2011 using a nationwide insurance claim database of managed health 

care plan.
[117] 

The number of OM visits for children under 6 years old decreased from 547,408 in 

2008 to 405,124 in 2011. However, the frequency of children with OM visits in our study 

extrapolated for the entire year 2011 (201,096) exceeded the previous two years in our study. 



 

112 
 

The extrapolation method could be a limitation. Other explanations, such as more children got 

OM due to weather changes or more children enrolled due to economic recession may explain 

the increase in number of OM visits; however, further studies are needed to investigate the 

causes.  

 

Total Frequency of OM-related Antibiotic Prescriptions Filled 

 The total number of OM-related antibiotic prescriptions filled from January 2008 to 

August 2011 was 652,347. Because data were available for only 8 months (January through 

August) in 2011, we used proportional extrapolation of the number of OM-related antibiotic 

prescriptions for those 8 months to estimate the total number of OM-related antibiotic 

prescriptions for the entirety of 2011. The extrapolated total frequency of OM-related antibiotic 

prescriptions was 720,194. However, this extrapolation method may over-estimate the total 

number of OM-related antibiotic prescriptions filled in 2011. There was a downward trend in the 

annual frequency of OM-related antibiotic prescriptions filled from 2008 to 2010. One reason 

could be declining OM-related physician visits between 2008 and 2010. In our study, the 

frequency of children with OM visits decreased from 2008 to 2010. This finding was supported 

by Marom et al.’s study. They reported that the OM visit rate decreased by 0.02 visits per child 

per year from 2004 to 2009 and decreased even more sharply at 0.4 visits per child per year from 

2009 to 2011.
[117]

 Another  possible explanation is that “watchful waiting ” treatment for OM 

helps to reduce widespread use of OM-related antibiotics.
[125-127]  

 

 Several studies have reported declines in the use of OM-related antibiotics for children, 

ranging from 3% to 42.7%, in different states.
[2,8,15,72-74]

 Most of the studies were conducted from 
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the late 1990s to the early 2000s. However, studies employing more recent data showed mixed 

results indicating that the number of OM-related antibiotic prescriptions filled for Medicaid 

children remained stable or increased.
[21-23]  

Nett et al. performed a retrospective study using the 

Montana Medicaid database. They found that OM visits were significantly and positively 

associated with antibiotic prescription use. They also found that the frequency of OM-related 

visits in 2010 was twice the frequency of OM-related visits in 1999 and the percentage of OM-

related visits with a linked, filled antibiotic prescription did not change.
[21]

 However, Li et al. 

found that antibiotic prescribing for AOM changed little from 2001 to 2003.
[22] 

Our study found 

a substantial decline in OM-related antibiotic prescriptions from 2008 to 2010. The decline rates 

were 30% between 2008 and 2009, and 13% between 2009 and 2010 in our study.  One possible 

explanation for the difference in findings is the difference in prescribing norms in the years 

studied (1999 to 2010 in the Nett et al. study versus 2008 to 2010 in the current study). 

However, the extrapolated (full year) total frequency of OM-related antibiotic 

prescriptions filled increased substantially in 2011 in this study. The extrapolated total frequency 

of OM-related antibiotic prescriptions in 2011 was much higher than for the previous two years. 

The extrapolated OM visit rate in 2011 was 0.004 visits per child per year which was the same as 

in 2010. One potential explanation for the increase in the total number of OM-related antibiotic 

prescriptions is an increase in the proportion of visits that resulted in an OM-related antibiotic 

prescription; however, further research is needed to determine if this occurred.   
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Proportions of Prescriptions for Each Antibiotic Category and for Selected OM-Related 

Antibiotics 

 The current study showed a decreasing trend in OM-related antibiotic prescriptions filled 

for each of the antibiotic categories from 2008 to 2010 and a substantial increase in 2011. The 

penicillin category (which includes amoxicillin and amoxicillin-clavulanate) was the most 

frequently prescribed antibiotic category. As with the previous study by Berman et al., 

amoxicillin was the most frequently prescribed OM-related antibiotic in our study.
[24] 

In each 

study year, amoxicillin prescriptions accounted for at least half of the total number of OM-

related antibiotic prescriptions. This finding is similar to that from a Texas Medicaid Vendor 

Drug Program drug utilization review report, which indicated that amoxicillin was the drug 

prescribed most often in 2007.
[102] 

Amoxicillin-clavulanate accounted for around 15% of the total 

number of OM-related antibiotic prescriptions in each year in the current study. Additionally, 

cephalosporins accounted for approximately one-fifth of the total OM-related antibiotic 

prescriptions filled. The cephalosporin category includes cefdinir, cefpodoxime, cefuroxime, and 

ceftriaxone. Cefdinir prescriptions accounted for almost all of the prescriptions in this category, 

which represented 19% of the total number of OM-related antibiotic prescriptions. Last, 

macrolides were the least prescribed OM-related antibiotic category. It includes azithromycin 

and clarithromycin; however, clarithromycin prescriptions accounted for a very small proportion. 

Thus, our study found that amoxicillin, amoxicillin-clavulanate, cefdinir and azithromycin were 

prescribed most often for OM treatment. This result was consistent with previous findings.
[24,104]   

 

 It is not difficult to understand why amoxicillin was prescribed most often while 

macrolides and cephalosporins were prescribed less frequently. First of all, according to AAP 

and AAFP recommendations, amoxicillin is the first choice for children with a temperature 
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<39℃ and/or without severe otalgia.
[55] 

If children have a temperature higher than 39℃ and/or 

with severe otalgia, AAP and AAFP guidelines recommend amoxicillin-clavulanate. Cefdinir, 

cefuroxime, cefpodoxime, azithromycin, and clarithromycin are recommended only when 

children are allergic to penicillin. Second, studies have shown that S. pneumonia is the leading 

pathogen of AOM for children under 12 months, and that AOM due to S. pneumonia is least 

likely to resolve spontaneously.
[5,6,51,120]

 Amoxicillin was shown to provide reliable activity 

against S. pneumonia. Presently, no oral cephalosporin provides reliable activity against S. 

pneumonia as amoxicillin. Thus, cephalosporins are not the first-line recommendation for OM 

treatment.  Third, the Texas Medicaid PDL listings are likely to have influenced prescribing of 

these antibiotics. The Texas Medicaid PDL listings for these medications during the study years 

are not currently available on their website; however, currently generic amoxicillin is listed as a 

preferred drug along with ampicillin, dicloxacillin, and penicillin VK, while brand-name 

cephalexin (KEFLEX) and amoxicillin (MOXATAG) and amoxicillin-clavulanate 

(AUGMENTIN) are non-preferred agents.
[101]  

It seems likely that similar listings were in place 

during the study years as well. The fourth reason is that amoxicillin was much cheaper than other 

OM-related antibioics. Thus, as the most cost-effective treatment, amoxicillin was prescribed 

most often. 

 However, the prescribing trend was shifting from prescribing narrow-spectrum antibiotics 

to broad-spectrum antibiotics. McCaig et al. found that broad-spectrum and more expensive 

antibiotics, such as cephalosporins, were prescribed more often while the frequency of narrow-

spectrum and less expensive antibiotics, such as penicillins, decreased from 1980 to 1992.
 [121]

 

An updated study by Vaz et al. which used pharmacy and outpatient claims data from 2000 to 

2010 reported a declining trend in prescriptions for first-generation penicillins, amoxicillin-
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clavulanate, and second-generation cephalosporins as well as an increasing trend in the use of 

broad spectrum, third-generation cephalosporins.
[122] 

One possible explanation for these trends 

could be the rise in antibiotic resistance (and the attention given to it) and changes in prevalence 

of specific pathogens. Several pathology studies revealed that the prevalence of S. pneumonia 

decreased while that of Haemophilus influenzae and Moraxella catarrhalis increased.
[51-53] 

 

 

Proportions of Prescriptions for OM-related Antibiotic Categories and Selected 

Antibiotics by Physician Type 

A study by Berman et al. assessed the relationship between the proportions of 

prescriptions for OM-related antibiotic categories and selected antibiotics and physician type.
[24] 

Berman et al. found different prescribing patterns among office-based physicians, family 

physicians and pediatricians.
 
They found that family physicians prescribed more second- and 

third-generation cephalosporins, such as cefaclor and cefixime, than did pediatricians. However, 

pediatricians prescribed more penicillins, such as amoxicillin and amoxicillin-clavulanate than 

did family physicians. The current study included more physician types but revealed a different 

prescribing pattern. In general, penicillins were predominately prescribed by all types of 

physicians. Cephalosporins were prescribed often by all types of physicians except for 

emergency medicine physicians. Our results also showed that pediatricians and general/family 

physicians were the major prescribers of OM-related antibiotic prescriptions for all selected 

OM-related antibiotics and antibiotic categories. Otolaryngologists prescribed the fewest OM-

related antibiotic prescriptions. One possible explanation is that Medicaid children do not 

receive specialist referrals very often so most times they go to primary care physicians instead 

of specialists. Pediatricians, general/family practice physicians, internal medicine physicians, 
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and otolaryngologists preferred amoxicillin, amoxicillin-clavulanate and cefdinir in general, 

while emergency room physicians preferred amoxicillin, amoxicillin-clavulanate and 

azithromycin.  

This pattern changed slightly across the years with family/general practice physicians and 

internal medicine physicians preferring azithromycin over cefdinir in 2008. Differences in OM-

related antibiotic prescription selections by physician type may have several possible 

explanations. First, differences in medical education, residency training, and pharmaceutical 

detailing may affect physicians’ decisions when choosing OM-related antibiotics. For example, 

emergency medicine physicians do not expect to see a patient again, so they may choose certain 

antibiotics, or it might be that people who present to the emergency room typically have strains 

that are more susceptible to certain types of antibiotics.  Second, physicians working in 

hospitals or clinics may have to follow a strict formulary. The Texas Medicaid program uses a 

Preferred Drug List (PDL) which likely influenced prescribing decisions; however, the PDL 

applies to all physicians so it is unlikely that it had a differential effect with respect to physician 

type. Physicians working in private practice settings may be more likely to be influenced by 

pharmacy representatives and thus, prescribe more expensive antibiotics. While this factor may 

have had some effect, its influence may have been mitigated to some extent by the PDL as 

noted above. Finally, financial incentives may affect antibiotic selections because of different 

cost-sharing arrangements in different health plans. However, it should be noted that the people 

in study sample were enrolled in the Texas Medicaid program which has no cost sharing 

provision for prescription medications.  
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 Significant chi-square results showing differences in proportions of selected OM-related 

antibiotic prescriptions filled and antibiotic categories by physician type indicated variation in 

physicians’ preferences for antibiotics for OM treatment.    

 

Annual Total Expenditures for Selected Antibiotics and Antibiotic Categories during the 

Study Period 

 The current study found a downward trend for the number of antibiotic prescriptions 

filled between 2008 and 2010. Accompanying the decline in the frequency of OM-related 

antibiotic prescriptions observed in this study was a corresponding decline in the total 

expenditures for selected antibiotics and antibiotic categories. Overall, the total expenditures for 

selected OM-related antibiotics decreased from $8,335,964 in 2008 to $4,013,347 in 2010. The 

decreasing trend was observed for all selected OM-related antibiotics from 2008 to 2010. The 

rates of decrease varied. The average year-to-year decrease was highest for cefpodoxime (51%), 

followed by azithromycin (39%), ceftriaxone (39%), amoxicillin-clavulanate (38%), cefdinir 

(27%), amoxicillin (23%), and cefuroxime (21%), and clarithromycin (12%). Regarding 

antibiotic category, the decreasing trend was also consistent. The average annual decreases were 

38% for macrolides, 32% for penicillins and 27% for cephalosporins. The narrow-spectrum 

antibiotics (penicillins) experienced greater decreases than the broad-spectrum antibiotics 

(cephalosporins), which is consistent with the finding by McCaig that more broad-spectrum 

antibiotics were used for OM treatment.
[121]

      

As shown in Berman et al.’s study, low-cost antibiotics, such as amoxicillin, accounted 

for a large proportion of the total OM-related antibiotic fills but only a small proportion of the 
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total expenditures.
[24]

 Although cefdinir prescriptions accounted for only 20% for the total 

number of selected OM-related antibiotic prescriptions filled, they accounted for almost 50% of 

the total expenditures for selected OM-related antibiotics. Amoxicillin, which was prescribed 

most often, accounted for only 20% of the total expenditures. Additionally, amoxicillin-

clavulanate, which was also widely prescribed, accounted for only 23% of the total expenditures 

for selected OM-related antibiotics. Azithromycin accounted for 10% of the total expenditures. 

Figure 4.1 shows the relationship between the total frequency of OM-related antibiotic 

prescriptions filled and expenditures. 

 

Figure 4.1 Relationship between the total number of OM-related antibiotic prescriptions 

and expenditures 
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Proportions of Prescriptions for OM-Related Antibiotics and Associated Expenditures by 

OM Diagnosis  

In this study, a substantial number of antibiotic prescriptions were prescribed for 

unspecified OM. This is possibly due to a lack of standardization among physicians’ coding 

practices.
[77] 

It is not surprising that a relatively large proportion of antibiotic prescriptions were 

prescribed for AOM because the study sample included more children with AOM than COM 

(AOM: 247,634 (38.4%); COM: 11,704 (1.9%)). The decreasing frequency of OM visits was 

associated with a decline in the total frequency of OM-related antibiotic prescriptions filled from 

2008 to 2010. The sharp increase in the frequency of OM visits was associated with the growth 

in the number of OM-related antibiotic prescriptions for AOM, COM and UOM in 2011.  

Similar to the trend for the number of OM-related antibiotic prescriptions, the annual 

total expenditures for OM-related antibiotic prescriptions prescribed for AOM, COM and UOM 

decreased from 2008 to 2010. The decreasing trend was greater for AOM compared to COM. In 

general, AOM was associated with higher mean expenditures per prescription. The mean 

expenditure per prescription for AOM in this study was lower than the mean cost per 

prescription in Ahmed et al.’s study ($131) because they used the Medical Expenditure Panel 

Survey (MEPS) which includes diverse insurance plans and represents the civilian non-

institutionalized population in the United States.
[123] 

They also only calculated OM-related 

antibiotic associated expenditures for 2009.    

The significant difference in the proportions of OM-related antibiotic prescriptions by 

different OM diagnoses during the study years (Chi-square=226,814, p<0.001) and associated 
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expenditures support the notion that OM diagnosis is an important factor for prescribing patterns 

and expenditures for OM-related antibiotics. 

 

Mean Expenditure per Antibiotic Prescription  

 The mean expenditure per antibiotic prescription for OM-related antibiotics decreased 

from $37.17 in 2008 to $29.34 in 2011. In current study, we found that the proportions of the less 

expensive antibiotic, amoxicillin, increased from 49.3% in 2008 to 55.5% in 2010. However, the 

proportion of cefdinir, which is much more expensive compared to amoxicillin, decreased 

slightly from 20.2% in 2008 to 18.3% in 2010. These prescribing patterns may contribute to the 

decline in the mean expenditure per antibiotic prescription for OM-related antibiotics. The 

Welch’s ANOVA indicated that significant differences in means existed among the study years.  

Post-hoc tests for the Welch’s ANOVA indicated significant differences in group means for all 

study years except for the 2010 and 2011 comparison. 

 

Identification of Factors Associated with Costs of OM-related Antibiotic Prescriptions 

 Nyquist et al. assessed factors associated with pediatric antibiotic prescriptions for colds, 

upper respiratory infection and bronchitis including OM.
[124]

 They found that age, gender, 

race/ethnicity, insurance plans, geographic region and physician specialty were associated with 

medication prescribing for colds, upper respiratory infections and bronchitis. Assuming there is a 

positive association between the number of OM-related antibiotic prescriptions and associated 

expenditures, these factors are likely to have an impact on costs of OM-related antibiotic 

prescriptions.  
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Additionally, Berman et al. also reported that age was positively related to a higher mean 

cost of OM-related antibiotic prescriptions.
[24]

 In the current study, a similar relationship was 

found in that the average cost per OM-related prescription is 3.7% higher with a one-year 

increase in age. OM-related antibiotics are prescribed based on children’s weight. With 

children’s weight increasing, larger doses or quantities of antibiotics are needed which causes 

higher expenditures. 

The mean cost per OM-related antibiotic prescription for blacks and Hispanics were 4.8% 

and 6.2% higher compared to the mean cost per OM-related antibiotic prescription for whites. A 

previous study showed that Hispanics were vulnerable to OM compared to other race/ethnicity 

groups.
[66] 

Thus, Hispanics may be at “higher-risk” for using expensive OM-related antibiotic 

prescriptions.  

The mean cost per OM-related antibiotic prescription for children living in urban areas 

was higher compared to the mean cost per prescription for children in rural areas. This could be 

due to differences in practice patterns and physician types between urban and rural areas. 

Additionally, the current study also showed that children enrolled in FFS plans have a higher 

mean cost for OM-related antibiotic prescription compared to managed care plans. One possible 

explanation is that prescribers in managed care plans are influenced by their formularies which 

may be more restrictive than the Medicaid PDL. In addition, prescribers in managed care plans 

may be more sensitive to cost control efforts because of the emphasis placed on them by 

managed care plans. 

 As described previously in the “Proportions of Prescriptions for OM-related Antibiotic 

Categories and Selected Antibiotics by Physician Type” section, prescribing patterns for OM 
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treatment differed by physician type. The current study showed that prescriptions written by 

pediatricians and emergency medicine physicians were associated with a higher mean cost. It is 

possible that emergency medicine physicians and pediatricians may treat patients with more 

severe conditions; therefore, less expensive antibiotics, such as amoxicillin, may not be a good 

choice. Or some physicians may choose certain antibiotics because they do not expect to see the 

patient for follow-up and these antibiotics may be more expensive.  

Other potential factors related to a higher mean cost included OM diagnosis and selected 

antibiotics. COM was found to be significantly associated with high mean costs of OM-related 

antibiotic prescriptions. The association between selected antibiotics and high mean costs of 

OM-related antibiotic prescriptions was obvious. All selected OM-related antibiotics were linked 

to higher mean costs of OM-related antibiotic prescriptions compared to amoxicillin. 

 It is desirable to pay more attention to children at “high-risk” (higher age, Black/African 

American and Hispanic race/ethnicity, male gender, fee-for-service program enrollment, urban 

region) for using OM-related antibiotic prescriptions with a higher mean cost in order to control 

total expenditures for OM treatment. Additionally, educating physicians to choose less expensive 

OM-related antibiotics when appropriate may help control expenditures for OM-related 

antibiotics.  
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Limitations 

Readers should consider the following study limitations. By definition, Medicaid 

enrollees have low incomes. Children in families with incomes below the poverty level were 

linked with a high risk of having early-onset OM or repeated OM.
[45] 

Thus, the OM-related 

antibiotic prescribing patterns observed in this study may be different from those in other 

populations. Additionally, Hispanics are over-represented in the Texas Medicaid data; therefore, 

the results of the current study cannot be generalized to the national population or to other 

populations with different characteristics.  

The inclusion criteria specified children younger than 13 years old who had OM-related 

antibiotic prescriptions within 3 days after OM visits during 2008 to 2011. Thus, children who 

had OM visits between December 29, 2007 and December 31, 2007 and OM-related antibiotic 

prescriptions filled during the first three days of January 2008 were not included. A similar 

situation exists for those who had OM visits during the last three days of August but had their 

prescriptions filled after August 31st.While some children may have been excluded because of 

this criterion, the number is expected to be low.   

Additionally, we used ICD-9 codes to select patients. Physicians are known to use 

various coding for OM diagnoses. In our study, most patients with OM diagnosis (60%) were 

coded as unspecified OM. Thus, some patients with AOM or COM may not have been diagnosed 

with those conditions. This limitation may cause inaccurate results when assessing the difference 

in proportions of OM-related antibiotic prescriptions filled for different OM diagnoses during the 

study years. Additionally, it is not possible to distinguish whether OM is caused by virus or 
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bacteria based on ICD-9 codes. Thus, analyses regarding the causal agent of OM is not possible 

in the current study. 

Another limitation of this study is that the analysis did not take into account prescription 

quantities. The current study only assessed the total frequencies and proportions of prescriptions 

for OM-related antibiotics. This assessment only provides a general idea of the prescribing 

trends. Quantities of medication and days supply vary among prescriptions; thus, days of therapy 

were not considered in this study. Calculating the number of OM-related antibiotic prescriptions 

per child per year or the days supply may provide additional insights about the prescribing 

trends. Additionally, the extrapolation method may have over-estimated the total numbers of 

OM-related antibiotic prescriptions filled and associated expenditures. Total year data for 2011 is 

needed with further study to explain the increase in the total numbers of OM-related antibiotics 

and associated expenditures.    

Also, because this study was conducted from the Texas Medicaid perspective, only direct 

payments made by Texas Medicaid for OM-related antibiotic prescriptions were included. These 

payments include drug costs and dispensing fees. Indirect costs, such as costs due to lost 

productivity or other nonmedical costs, were not included. Thus, the study estimates do not 

represent total expenditures for OM from a societal perspective. 

Texas Medicaid claims data were used for the analyses. As with most claims databases, it 

is possible that some utilization and expenditures are not captured. While this seems less likely 

for Medicaid patients than for patients in private plans, it still may have occurred to some extent.    

Another limitation relates to the statistical analyses. With large sample sizes as used in 

this study, statistically significant differences may be found even when differences are not 
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practically meaningful. All chi-square test results were significant in this study even though 

some differences in proportions were not practically important. Additionally, we calculated the 

frequencies, proportions and associated expenditures for OM-related antibiotic prescriptions for 

the entire 2011 year by extrapolating the 8 months of available data proportionally. However, 

this assumption may not be accurate. 

 

 

Strengths 

 This study provides the most recent prescribing and expenditure estimates for OM-related 

antibiotics for children covered by the Texas Medicaid program. We assessed the prescribing 

patterns by physician type and OM diagnoses. Few studies have discussed OM-related antibiotic 

prescribing by OM diagnoses. From a methodological perspective, this is the first study that 

conducted a GLM to identify factors associated with OM-related antibiotic costs.  

 

Conclusions  

 The results of this study suggested a downward trend in OM-related antibiotic 

prescriptions filled and related expenditures from 2008 to 2010, followed by a noticeable 

increase in both prescriptions filled and expenditures in 2011. Amoxicillin was the most 

frequently prescribed antibiotic but it accounted for only 20% of the total expenditures. In 

contrast, cefidinir accounted for 20% of the total prescriptions filled but 50% of the total 

expenditures. Our study also showed variation in OM-related antibiotic selection among 

physicians. Pediatricians were the major prescribers of OM-related antibiotics, and their 
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prescriptions for OM-related antibiotics tended to have a higher mean cost per prescription. 

Thus, in an effort to control expenditures, policy makers could encourage pediatricians (and 

other physicians) to use less expensive OM-related antibiotics when clinically appropriate. One 

effective strategy is the implementation of Texas Medicaid PDL. The PDL gives preference for 

prescribing generic drugs which are less expensive. The Texas Health and Human Services 

commission (HHSC) reported that implementation of the PDL had saved $115 million in fiscal 

year 2009 and approximately $245 million in the 2008-2009 biennium.
[129]   

However, concerns 

about patients’ follow-up may lead physicians to prescribe stronger antibiotics or broad-spectrum 

antibiotics which are more expensive. Abuse of broad-spectrum antibiotics may contribute to 

problems with antibiotic resistance. The emergence of penicillin-resistant S. pneumoniae raises 

concerns regarding the use of amoxicillin as the traditional first-line treatment for OM in 

children.
[128,129] 

Nelson et al. reported that penicillin-resistant S. pneumoniae was found in 37% 

of children undergoing tympanostomy tube placement for COM in Houston, TX.
[130] 

Additional 

education could focus on improving medication adherence for patients and rational use of 

antibiotics for physicians. Finally, our study found that children who were Hispanic, enrolled in 

an FFS plan, living in urban areas, with a diagnosis of AOM had a higher mean cost for OM-

related antibiotic prescriptions compared to their reference groups. Above all, physicians and 

policy makers should strive to ensure that these patients receive appropriate treatment. 

   Future research could focus on investigating how prevention strategies or medication 

evaluation programs, such as medication therapy management (MTM), might help to control 

expenditures and facilitate appropriate therapy with OM-related antibiotic prescriptions. 
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