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Abstract

Background.—Previous studies suggest that duration of antibiotic therapy for community-

acquired pneumonia (CAP) often exceeds national recommendations and might represent an 

important opportunity to improve antibiotic stewardship nationally. Our objective was to determine 

the average length of antibiotic therapy (LOT) for patients treated for uncomplicated CAP in US 

hospitals and the proportion of patients with excessive durations.

Methods.—Records of retrospective cohorts of patients aged 18–64 years with private insurance 

and aged ≥65 years with Medicare hospitalized for CAP in 2012–2013 were used. Inpatient LOT 

was estimated as a function of length of stay. Outpatient LOT was based on prescriptions filled 

post discharge based on data from outpatient pharmacy files. Excessive duration was defined as 

outpatient LOT >3 days.

Results.—Inclusion criteria were met for 22 128 patients aged 18–64 years across 2100 hospitals 

and 130 746 patients aged ≥65 years across 3227 hospitals. Median total LOT was 9.5 days. LOT 

exceeded recommended duration for 74% of patients aged 18–64 years and 71% of patients aged 

≥65 years. Patients aged 18–64 years had a median (quartile 1–quartile 3) 6 (3–7) days outpatient 

LOT and those aged ≥65 years had 5 (3–7) days.

Conclusions.—In this nationwide sample of patients hospitalized for CAP, median total LOT 

was just under 10 days, with more than 70% of patients having likely excessive treatment duration. 

Better adherence to recommended CAP therapy duration by improving prescribing at hospital 

discharge may be an important target for antibiotic stewardship programs.
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Community-onset infections of any kind and lower respiratory tract infections acquired in 

any setting are the most common indications for antibiotic use among hospitalized patients 

[1]. Community-acquired pneumonia (CAP), in particular, results in approximately 600 

000–800 000 hospitalizations annually among adults in the United States [2, 3].

Through the Core Elements of Antibiotic Stewardship [4], the Centers for Disease Control 

and Prevention (CDC) advises hospitals to develop and implement recommendations for 

antibiotic selection and duration based on local antibiotic susceptibilities of infection-

causing organisms and national guidelines. The Core Elements cite CAP as an indication for 

which this strategy may be particularly helpful [4].

In 2007, the Infectious Diseases Society of America (IDSA) and the American Thoracic 

Society (ATS) published national guidelines for treatment of CAP, recommending a 

minimum 5 days of therapy, with 7 or more days rarely necessary, and use of clinical 

stability criteria to determine when to discontinue [5]. Previous studies show that the average 

length of antibiotic therapy (LOT) for CAP in the United States exceeds IDSA–ATS 

guidelines of 5–7 days among adults hospitalized for CAP, suggesting a potentially 

important opportunity to improve antimicrobial stewardship. However, these studies were 

not generalizable to the US population [6–11]. Here, we used nationwide data to determine 

the LOT most commonly used for treatment of patients hospitalized for CAP in the United 

States.

METHODS

Study Design

We used a retrospective cohort design and administrative data to study the duration of 

antibiotic therapy among adult patients hospitalized for CAP and discharged in 2012 and 

2013. This work was conducted under data use agreements with Truven Health Analytics 

and the Centers for Medicare & Medicaid Services (CMS). The work using MarketScan data 

was determined not to involve human patients under 45 Code of Federal Regulations (CFR) 

46.102(f); therefore, institutional review board review was not required [12]. The work using 

CMS data was determined to be exempt from the regulations that govern the protection of 

human patients in research under 45 CFR 46.101(b)(5) [12].

Study Population

CAP hospitalizations were identified by selecting those with a primary diagnosis of bacterial 

or unspecified pneumonia (International Classification of Diseases, Ninth Revision, Clinical 
Modification [ICD-9-CM], diagnosis codes: 481, 482.0, 482.1, 482.2, 482.30, 482.31, 

482.32, 482.39, 482.40, 482.41, 482.42, 482.49, 482.82, 482.83, 482.84, 482.89, 482.9, 

483.0, 483.1, 483.8, 485, 486) [13] among patients not hospitalized in the 30 days prior to 

index hospitalization. We defined complicated CAP as having a complication or lack of 
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clinical stability that required extended LOT. To operationalize this definition and restrict it 

to those with uncomplicated CAP, we limited it to patients with hospitalization lengths of 2–

10 days, discharged home with self-care, and not rehospitalized within 3 days after the index 

discharge. We also excluded underlying conditions or complications that potentially 

warranted prolonged antibiotic courses. Specifically, we excluded patients with a cystic 

fibrosis diagnosis (ICD-9-CM diagnosis code 277.00, 277.01, 277.02, 277.03, 277.09), 

human immunodeficiency virus (HIV) diagnosis (ICD-9-CM diagnosis code 042), or an 

outpatient antibiotic supply that exceeded 28 days [10].

One hospitalization was selected at random for inclusion if a patient had multiple eligible 

hospitalizations >30 days apart during the study period. Due to data source restrictions, 

patients were stratified into the following 2 demographic cohorts: those aged 18–64 years 

with private insurance and those aged ≥65 years with Medicare.

Definition of Antibiotics

Antibacterial agents were identified in the drug files through a combination of National 

Drug Codes, automated text, and manual searching to account for variations in spelling of 

antibiotics between claims and reference data. Antibiotics were categorized into classes 

using the American Hospital Formulary Service Drug Information and World Health 

Organization drug classification systems.

Measures

The primary measures of interest were median (quartile 1–quartile 3) total LOT and 

proportion of patients with a LOT that exceeded 3 days of outpatient antibiotic therapy 

following discharge (described further in “Total length of therapy” and “Excessive Length of 

Therapy” sections).

Total Length of Therapy

Patient-level total LOT was calculated by summing inpatient and outpatient LOTs. Because 

no single data source contained both inpatient and outpatient antibiotic use information, in-

patient LOT was estimated based on a function of length of stay (LOS) derived from 

prediction models and outpatient LOT consisted of actual days filled.

Inpatient Length of Therapy

Using linear regression, inpatient LOT was modeled as a function of LOS for both 

demographic cohorts using data from the MarketScan Hospital Drug Database (HDD). The 

HDD is a relational database developed from hospital charge detail master data that contains 

all charges accumulated during a hospitalization, including for pharmacy products. Patient 

discharge information such as diagnosis and procedure codes, patient demographics, and 

facility characteristics are also included. These data have been used to study inpatient 

pharmacy use, including probiotics [14] and antibiotics [15]. Data were limited to hospitals 

that submit antibiotic data directly to Truven Health, patients receiving ≥1 inpatient 

antibiotic, and restriction criteria listed above.
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An inpatient LOT prediction table of mean LOT for each cohort was developed based on the 

prediction model estimates of LOT using LOS as a categorical predictor. LOS was counted 

as whole days using admission and discharge dates rather than days present; therefore, LOT 

exceeds LOS in some instances. Goodness of model fit was assessed using the R2 value. 

Inpatient LOT was then assigned to each patient based on the corresponding age group and 

LOS in the prediction table. We validated the inpatient prediction model by comparing 

estimated and observed inpatient LOTs among a subset of patients aged 18–64 years for 

whom inpatient and outpatient prescribing records could be linked for the years 2006–2013.

Outpatient Length of Therapy

To assess outpatient LOT, outpatient drug records were searched for antibiotic prescriptions 

filled between −1 and +3 days of discharge. If a patient had multiple outpatient antibiotic 

prescriptions filled during this period, the outpatient LOT was counted as the number of 

days with ≥1 prescription from the earliest fill date through the latest supply through date, 

inclusive (Supplementary Figure S1). The average proportion of total LOT contributed by 

the outpatient LOT was estimated by the median (quartile 1–quartile 3).

For the 18–64 year cohort, MarketScan Commercial Claims and Encounters files, drawing 

from hundreds of private-sector payers, were used to obtain LOS of the index hospitalization 

and outpatient LOT following discharge. Patients in this cohort consisted of those enrolled in 

private insurance with outpatient drug coverage. For the ≥65 year cohort, the 100% 

Medicare claims and Part D event files were used to obtain index hospitalization LOS and 

outpatient LOT following discharge. Patients in this ≥65 year cohort included the census of 

beneficiaries aged ≥65 years with traditional fee-for-service Parts A and B plus Part D 

Medicare coverage.

Excessive Length of Therapy

Recommended LOT is dependent on time to clinical stability [5]. Since we lacked clinical 

data to evaluate clinical stability directly, we used hospital discharge as a surrogate based on 

the assumption that patients were clinically stable at discharge [5, 16]. Our primary standard 

for exceeding the recommended LOT, therefore, used outpatient LOT >3 days, reasoning 

that LOS plus 3 days of outpatient therapy following discharge should be a patient-specific 

approximation of recommended LOT per IDSA–ATS guidelines [5, 9]. Number of days with 

excessive antibiotic use was quantified by summing patient-level outpatient LOT minus 3 

days. We used a secondary standard defining recommended LOT as 7 days, since longer 

durations are rarely necessary according to IDSA–ATS guidelines [5].

Data Analyses

The association between categorical variables was evaluated using the χ2 test of 

independence. Likelihood of an event occurring was compared between 2 groups using an 

odds ratio. Data management and analyses were conducted using SAS, version 9.4 (SAS 

Institute Inc., Cary, North Carolina).
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RESULTS

Length of Stay

Median (Q1–Q3) LOS was 3 (2–5) days for the 18–64 year cohort and 4 (3–5) days for the 

≥65 year cohort.

Inpatient Length of Therapy

To estimate inpatient LOT, 6900 and 19 139 patient hospitalizations were included among 

those aged 18–64 years and ≥65 years, respectively. Predicted LOTs were generated for each 

value of LOS stratified by cohort (Figure 1, Supplementary Table S1). The R2 values for 

both models were greater than 0.7. Characteristics of the patients used in these models are 

shown in Supplementary Figure S2 and Supplementary Table S2. Based on these models, the 

estimated median (Q1–Q3) inpatient LOT was 3.4 (2.5–5.3) days for the 18–64 year cohort 

and 4.3 (3.4–5.2) days for the ≥65 year cohort.

After applying restrictions, 1177 patients aged 18–64 years had linked inpatient and 

outpatient prescribing records for the years 2006 through 2013 for prediction model 

validation. Among these, mean estimated inpatient LOT was 4.5 (95% confidence interval 

[CI], 4.4–4.6) days and mean actual inpatient LOT was 4.6 (95% CI, 4.4–4.7) days 

(Supplementary Table S3). Eighty-six percent of these patients had a predicted inpatient 

LOT within 1 day of the actual inpatient LOT (see Supplementary Figure S3 for agreement 

plot).

Outpatient Length of Therapy

As shown in Figure 2, 22 128 and 130 746 patient hospitalizations were included to estimate 

outpatient and total LOT among the 18–64 year and ≥65 year cohorts, respectively. 

Demographic and hospitalization characteristics are listed in Table 1. Eighty percent of 

patients in both cohorts had at least 1 documented outpatient antibiotic fill within −1 to 3 

days of discharge. The median outpatient LOT was 6 (3–7) days in the 18–64 year cohort 

and 5 (3–7) days in the ≥65 year cohort. Seventy-four percent of patients aged 18–64 years 

and 71% of patients aged ≥65 years exceeded the recommended LOT, using >3 days to 

define excessive, translating to 71 474 (3.2 per patient) and 375 289 (2.9 per patient) 

unnecessary days of antibiotic in the respective cohorts.

Presence of outpatient antibiotic prescription was associated with LOS (P < .0001), with a 

longer LOS being more likely to lack an outpatient prescription (Supplementary Table S4). 

Of the 20% without outpatient antibiotic, only 3% obtained antibiotic through other 

measureable means such as outpatient intravenous therapy (Supplementary Tables S5 and 

S6).

Total Length of Therapy

The median (Q1–Q3) total LOT, a combination of inpatient and outpatient LOT, was 9.5 

(7.4–12.3) days in the 18–64 year cohort and 9.5 (7.4–11.4) days in the ≥65 year cohort 

(Supplementary Table S7). Sixty-nine percent of patients aged 18–64 years and 67% of 

patients aged ≥65 years had a LOT that exceeded 7 days (Figure 3). The outpatient LOT 
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comprised a median 59% (41%–70%) of total LOT among those aged 18–64 years and 57% 

(37%–68%) among those aged ≥65 years.

Antibiotic Selection

Figure 4 shows the ranking of antibiotic classes used for each setting and demographic 

cohort. In the inpatient setting, the top 3 antibiotic classes, accounting for 65%–75% of days 

of therapy, were third- and fourth-generation cephalosporins, quinolones, and macrolides for 

both cohorts (Supplementary Table S8). Eighty-two percent of inpatient antibiotic days of 

therapy were parenterally administered in both cohorts (Supplementary Figure S4).

In the outpatient setting, the top 3 antibiotic classes were quinolones, macrolides, and first- 

and second-generation cephalosporins for both cohorts. More than 99% of outpatient 

prescriptions were orally administered (Supplementary Figure S4, Supplementary Table S9).

DISCUSSION

In this study, adults hospitalized for CAP in the United States received a median of just 

under 10 days of antibiotic therapy in 2012–2013. More than 70% of patients exceeded the 

recommended duration of antibiotics according to our definition, translating to 71 474 and 

375 289 unnecessary days of antibiotic for the younger and older cohorts, respectively. 

These findings reveal likely overtreatment with antibiotics among patients hospitalized with 

CAP and suggest an important target for antibiotic stewardship programs.

The CDC Core Elements for both hospital and outpatient antibiotic stewardship programs 

call for policies and interventions to improve antibiotic use, including appropriate duration 

of antibiotic therapy [4, 17]. While data on optimal LOT are lacking for many infections, the 

data that support effective and safe duration for antibiotic therapy are stronger for CAP. A 

2007 metaanalysis of 15 inpatient and outpatient trials showed no difference in clinical 

failure risk between patients given antibiotic courses ≤7 days vs >7 days (relative risk, 0.89; 

95% CI, 0.78–1.02) [18]. Recently, the efficacy and safety of a LOT ≤7 days was affirmed 

by a noninferiority randomized controlled trial of patients admitted to 4 hospitals in Spain 

[19]. The trial found no difference in clinical success between patients treated with an 

average of 5 days of antibiotics according to IDSA–ATS guidelines (day 10, 56% success; 

day 30, 92% success) vs patients treated based on physician discretion with an average LOT 

of 10 days (day 10, 49% success; day 30, 89% success). The availability of robust data on 

appropriate LOT for CAP, combined with CAP being a common indication for antibiotic 

therapy [1], make this syndrome a particularly compelling target for stewardship.

Resolution of excessively long LOTs may necessitate an approach that addresses antibiotic 

prescribing at discharge for patients hospitalized with CAP [20]. Based on the findings in 

this and prior studies, excess outpatient prescribing may be an important reason for excess 

LOT. As described in the Results section, 57%–59% of the total LOT consisted of outpatient 

therapy. In a multicenter Veteran’s Health Administration (VA) study, median outpatient, not 

inpatient, LOTs differed between guideline concordant and discordant groups, with median 

(quartile 1–quartile 3) outpatient LOTs of 3 (2–5) and 6 (4–7) days, respectively [9]. Further 

supporting the important role of outpatient prescribing on total LOT, other studies have 
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shown a large portion of total duration as outpatient LOT [7] as well as decreased outpatient 

LOTs driving successful intervention studies [6, 11].

Approaches used in single-center antibiotic stewardship interventions have reported average 

LOT drops of 3 days from baseline among patients treated for CAP [6, 8, 11], which may be 

a feasible and effective ways to reduce LOT. These interventions include provision of 

education and direct feedback to medical staff and hospital attending physicians [6]; 

development of new guidelines with computer support promoted to hospitalists, other 

clinicians, and pharmacists [11]; and implementation of a patient-centered antimicrobial 

stewardship program [8].

Our study allows for broader generalizability than previous studies through the use of large, 

multifacility, nationwide cohorts. In the younger cohort, 22 128 patients across 2100 

hospitals in 50 states plus the District of Columbia were represented. In the older cohort, the 

census of Medicare beneficiaries with traditional fee-for-service plus Part D coverage were 

represented, tallying to 130 746 patients across 3227 hospitals in 50 states plus the District 

of Columbia. Previous studies have been limited to predominantly male patients admitted to 

VA hospitals [8, 9], single hospitals [6–8], or international studies not separately reporting 

the findings of US hospitals [10]. Despite differences in study design, the findings of this 

study corroborate with those of the smaller, less representative studies. The largest of the US 

studies—a retrospective study of 30 US VA hospitals that included more detailed clinical 

information—had a median LOT of 10 (8–12) days, with 93% of patients exceeding LOT 

guidelines [9]. Other studies reported median LOTs of 10 days [6, 7] and mean LOTs of 11–

12 days [8, 10].

While reliance on administrative data allowed for nationwide estimates, which is a strength 

of this study, limitations associated with administrative data should be acknowledged. We 

identified potential CAP patients using a constellation of ICD-9-CM codes. These codes 

have good sensitivity (84%) and positive predictive value (92%) for pneumonia when listed 

as the first diagnosis code [21]. However, there is potential for misclassification since we 

were unable to confirm the diagnosis using clinical data (eg, imaging results, symptoms, and 

white blood cell count). Furthermore, we may not have captured all discharge antibiotic 

prescription fills since some may have been obtained without using the outpatient 

prescription drug benefit, thus the median intended LOT could be underestimated. Also due 

to data limitations, we were unable to evaluate LOT among patients without health insurance 

or with health insurance but without drug coverage.

Although clinical data were not available to define clinical stability, we used discharge, a 

point at which clinical stability should be met, to approximate clinical stability. Prior studies 

have shown the median time to clinical stability in CAP patients to be 3 days, with most 

patients reaching clinical stability prior to discharge [16, 22], suggesting our surrogate for 

clinical stability may be conservative.

We were limited in our ability to exclude healthcare-associated and hospital-acquired 

pneumonia (HCAP and HAP) since the relevant information was limited or not available 

across all data sources. Patients classified with HCAP would include those who resided in a 
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nursing home or long-term care facility or those who received hemodialysis, intravenous 

(IV) antibiotics, IV chemo-therapy, or wound care in the 30 days [23] before index 

admission. Patients with HAP due to the index hospitalization would include those newly 

infected at least 48 hours after hospital admission [23]. Using available data (as shown in 

Table 1), approximately 12%–13% of patients may have met 1 or more criteria for HCAP. 

Median LOT did not differ between patients with and without potential HCAP for both age 

cohorts (data not shown). Only 0.03% of the ≥65 year cohort could be classified as a HAP 

due to having a primary diagnosis of pneumonia that was not present on admission. Based 

on these numbers, it is likely that only a small portion of the patients included in this study 

were misclassified as CAP.

We attempted to exclude patients who may appropriately require prolonged antibiotic 

therapy, such as patients with cystic fibrosis, symptomatic HIV, or more complicated cases 

as suggested by prolonged hospitalizations or readmissions. We did not, however, exclude 

all risk factors for complicated CAP that might merit longer treatment durations, such as 

other immune deficiencies, structural lung disease/bronchiectasis, empyema/lung abscess, 

and chronic steroid use. Nevertheless, as shown in Table 1, other HIV/AIDS, bronchiectasis, 

empyema, and lung abscesses were rare across the cohorts and therefore should not account 

for the overall long treatment durations.

The majority of adult patients treated for CAP in US hospitals in 2012–2013 had antibiotic 

therapy durations that exceeded recommendations. These findings suggest prolonged and 

potentially excessive antibiotic treatment among patients hospitalized with uncomplicated 

CAP. Stewardship at the time of discharge may be an important target for antibiotic 

stewardship programs. Optimization of the duration of therapy, combined with optimal 

antibiotic selection and dosing, should help to maximize benefits to the patient while 

minimizing potential harms.
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Figure 1. 
Prediction model of inpatient length of therapy in adults hospitalized for community-

acquired pneumonia. Data were obtained from the MarketScan Hospital Drug Database. 

Restricted to patients receiving ≥1 inpatient antibiotic plus restriction criteria listed in the 

Methods section. Using linear regression, inpatient length of therapy (LOT) was modeled as 

a function of length of stay (LOS) as follows: LOT = β1LOS2days + β2LOS3days + 

β3LOS4days + β4LOS5days + β5LOS6days + β6LOS7days + β7LOS8days + β8LOS9days + 

β9LOS10 days. R2 values: 18–64 years, 0.78; 65+ years, 0.73.
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Figure 2. 
Flow diagram of eligibility and inclusion of adults hospitalized for community-acquired 

pneumonia. aReasons for exclusion are not mutually exclusive. bIn accordance with the 

Centers for Medicare & Medicaid Services data use agreement and for consistency in 

presentation, actual number and corresponding percent of total were not displayed when cell 

sizes ≤10. cOutpatient antibiotic prescription filled within −1 to +3 days of discharge from 

index hospitalization. Abbreviations: d/c, discharge; HIV, human immunodeficiency virus; 

LOS, length of stay; LOT, length of therapy; NA, not available; PN, pneumonia.
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Figure 3. 
Total length of antibiotic therapy of adults hospitalized for community-acquired pneumonia.
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Figure 4. 
Antibiotic selection by setting and demographic among adults hospitalized for community-

acquired pneumonia. Inpatient antibiotic class selection data were ranked by days of therapy. 

Outpatient antibiotic class selection was ranked at the prescription level. Antibiotics from 

separate classes that may have been used in combination therapy are treated independently. 

Percent selection for a given antibiotic class was calculated as follows: inpatient setting: 

number of days of therapy for given antibiotic class/total number of days of therapy and 

outpatient setting: number of prescriptions for a given antibiotic class/total number of 

prescriptions. β-lactam combinations refers only to β-lactam/β-lactamase combinations. 

Abbreviation: gen, generation.
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