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Introduction

Optimizing antibiotic use is critical for reducing adverse drug events and slowing the 

development of antimicrobial resistance. The U.S. Centers for Disease Control and 

Prevention (CDC) has led efforts to track and report national antibiotic prescribing 

practices.1,2 A previously published analysis using IQVIA® Xponent data showed a 

decrease in overall prescribing rates during 2011–2016, largely driven by decreases among 

pediatric patient populations.2 Using a patented projection methodology, IQVIA® data 

captures about 93% of outpatient prescriptions dispensed in U.S. retail pharmacies and 

projects 100% of retail prescriptions sold.3 These data are used for national surveillance 

of antibiotic use, as well as other drugs, and publicly shared on CDC’s Antimicrobial 

Resistance & Patient Safety Portal (https://arpsp.cdc.gov/).4,5 In 2017, IQVIA® revised its 

methodology to only include filled and dispensed prescriptions, decreasing the number of 

prescriptions captured in the database.3 The objective of this analysis was to assess the 

antibiotic prescribing trends from 2011–2019 for public health surveillance accounting for 

methodological changes by using the Joinpoint-jump regression program.
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Methods

We used IQVIA® Xponent data and U.S. Census Bureau population estimates to determine 

annual rates of antibiotic prescribing (per 1,000 population) stratified by patient age group, 

sex, prescriber’s U.S. Census region, and antibiotic class during 2011–2019 as previously 

described.2 From 2011–2019, the database captured 74%–92% of all U.S. retail outpatient 

prescriptions and projected to 100% of prescriptions nationally. Data were abstracted and 

descriptive analyses completed using SAS, version 9.4 (SAS Institute Inc).

We used the Joinpoint-jump regression program (version 4.9.1.0; National Cancer Institute) 

to assess statistically significant increases or decreases in antibiotic prescribing trends during 

2011–2019; overall rate and stratified by age, sex, region, and antibiotic class.6 Joinpoint 

regression models are used to assess trends over time, similar to interrupted time series 

and segmented regression techniques. Joinpoint regressions have been used to estimate 

changes in rates of cancer incidence,6 mortality,7 and prescribing of opioids.8 The model 

identifies the best-fitting points (years) with a statistically significant increase or decrease in 

antibiotic prescribing trends. To account for changes in the data methodology and avoid bias 

associated with a standard Joinpoint model, mid-2016 was a parameter added to the model 

as a jump trend, since 2016 was the last year of data using the previous methodology.6,9,10 

Joinpoint-jump models have been applied to address discontinuous increases/decreases, or 

“jumps,” in a data series, even though it may not affect the underlying trend, such as 

in changes in International Classification of Diseases from ICD-9 to ICD-10 codes.9 The 

jump model requires knowing the time of when the discontinuous data change occurred, 

with the benefit of accounting for the size of the jump if known. Data must be sorted 

in aggregate by the time-point variable as the last level of sorting. We fitted a log-linear 

model to the prescription rates using year as the independent variable. The absence of 

a Joinpoint segment was used to identify a linear trend during 2011–2019, and where 

nonlinear trends were identified, we assessed a single Joinpoint with trend segments from 

2011–2016 and 2016–2019. The methodology change is placed at the halfway point of 2016 

(i.e., 2016.5) to represent that 2016 is using the prior methodology, and 2017 is using the 

revised methodology. We reported the annual percent change (APC) with 95% confidence 

intervals (CIs) for each trend segment, and the average annual percent change (AAPC) with 

95% CIs for the entire period. We estimated prevalence ratios and 95% CIs using Poisson 

regression models with a log link comparing prescribing rates in 2019 to 2011. We followed 

the National Center for Health Statistics guideline on assessing trends where prevalence 

ratios are reported for linear trends and APCs are reported for nonlinear trend segments.10 

All statistical tests were 2-sided and P-value <0.05 was considered statistically significant.

Results

From 2011 to 2019, a total of 2.4 billion oral antibiotic prescriptions were dispensed in the 

U.S. (Table S1). The highest prescription rate was reported in 2011 (877 prescriptions per 

1,000 persons) and the lowest prescription rate was in 2018 and 2019 (765 prescriptions 

per 1,000 persons). Adults aged ≥65 years, females, and the South region consistently 

accounted for the highest prescription rates during the study period. Penicillins, macrolides, 
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and cephalosporins accounted for the antibiotic classes with the highest prescription rates 

overall.

The Joinpoint-jump model showed an overall linear trend (Table 1), with the 2011–2019 

AAPCs in similar directions to the prevalence ratios comparing 2019 to 2011. The overall 

prescribing rate was 13% lower in 2019 than 2011. There were significant decreases in 

antibiotic prescribing rates by age group, sex, and region between 2019 and 2011. The 

greatest overall decreases in prescribing rates between 2019 and 2011 were among children 

aged <20 years (908 to 684, −25%), followed by adults aged 20–64 years (778 to 703, 

−10%), then older adults aged ≥65 years (1,113 to 1,099, −1%) (Figure S1).

The largest annual decrease during the study period across all age groups was for macrolides 

(AAPC: aged <20 years, −8%; aged 20–64 years, −3.8%; aged ≥65 years, −5.1%). 

Among adults aged 20–64 years, penicillins showed a significant increasing prescribing 

trend pre-jump and a significant decreasing trend post-jump, with similar increasing but 

non-significant pre- and post-jump trends for adults aged ≥65 years, while there was an 

overall significant decrease among children aged <20 years. From 2016 to 2019, the largest 

annual decrease occurred in fluoroquinolones across all age groups (AAPC: aged <20 years, 

−14.8%; aged 20–64 years, −12.7%; aged ≥65 years, −11.2%). Among adults, during the 

study period, prescribing rates increased for beta-lactams (AAPC: aged 20–64 years, 6.4%; 

aged ≥65 years, 5.6%). While no changes were seen for prescribing trends of cephalosporins 

during the study period among adults aged 20–64 years, an increase was observed among 

adults aged ≥65 years (AAPC: 2.4%) and a decrease was observed among children aged <20 

years (AAPC: −2.8).

Discussion

The rate of oral antibiotic prescriptions dispensed in U.S. outpatient pharmacies decreased 

by 13% from 2019 compared to 2011, largely driven by reductions in prescribing among 

children aged <20 years. This overall decline was on track to meet the 2020 goal of a 15% 

reduction in antibiotic prescribing nationally.11 While a decrease was observed across all 

age groups, it was smallest among older adults, highlighting the need to further evaluate 

prescribing practices in this population and identify potential targets for improvement. 

Consistent with previous analyses, the South region had the highest rates of prescribing 

and one of the lowest rates of decline. Among all age groups the greatest decreases were 

seen for broad-spectrum antibiotics, specifically macrolides and fluoroquinolones.2 Among 

adults, however, increases were seen for beta-lactams and cephalosporins. These trends 

may indicate a shift in prescribing from macrolides and fluoroquinolones to beta-lactams, 

cephalosporins and other antibiotic classes.12

Joinpoint-jump models are helpful for detecting underlying continuous trends despite 

sudden changes or “jumps” in data collected over time.9 Using this approach to account 

for data collection changes by IQVIA® starting in 2017, our results showed overall linear 

trends nationally and by patient characteristics, indicating that using such an approach to 

account for the data changes may be unnecessary. However, when assessing trends by 

antibiotic class, some classes do appear to have jumps; use of the Joinpoint-jump model or 
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analysis of the two periods separately may be warranted. Specifically, further investigation 

of prescribing trends for penicillins is needed to better understand whether the increase pre-

jump and decrease post-jump among adults are real prescribing trends or reflect improved 

data quality due to IQVIA’s methodological changes.

Limitations of the data have been previously reported and include the lack of diagnosis 

associated with the prescription thus not allowing the assessment of appropriateness. Also, 

prescriptions included are limited to antibiotics dispensed in outpatient, retail pharmacies.2 

The Joinpoint-jump model package cannot conduct multivariate analyses and is hence 

only useful for descriptive analyses. Additionally, our analysis focuses on pre-COVID-19 

pandemic data as we assume in the Joinpoint-jump model, similar to another study, that the 

location of the jump is known, and only one such jump is allowed.9 However, changes in 

prescribing due to the COVID-19 pandemic may require identifying another data jump due 

to declines in antibiotic prescribing associated with decreased outpatient visits, which may 

result in confounding between the APC of segments and the size of the jumps. Strengths of 

this analysis include the application of the Joinpoint-jump model to evaluate secular trends 

in prescribing while accounting for the data jump due to changes in the data collection 

methodology,9,13 as well as the estimation of changes between 2011 and 2019 to monitor 

progress in antibiotic prescribing practices.

Monitoring antibiotic prescribing trends nationally and by patient characteristics and 

antibiotic class is important for tracking progress toward goals to reduce unnecessary 

prescribing, optimize the treatment of infections, and mitigate antimicrobial resistance. 

Understanding how to appropriately analyze trends using administrative data that have 

undergone methodological changes is important for public health practitioners to effectively 

use and correctly report the data over longer periods of time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

Study investigators, conference presentations, preprint publication information, thanks.

Funding:

No funding external to the Centers for Disease Control and Prevention was provided for this study.

Data Availability Statement:

The data used in this study are not publicly available, but information on data access and use 

are available at: https://www.iqvia.com/locations/united-states/library/fact-sheets/xponent

References

1. Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of Inappropriate Antibiotic 
Prescriptions Among US Ambulatory Care Visits, 2010–2011. Jama. May 3 2016;315(17):1864–73. 
doi:10.1001/jama.2016.4151 [PubMed: 27139059] 

Kim et al. Page 4

Am J Epidemiol. Author manuscript; available in PMC 2025 October 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.iqvia.com/locations/united-states/library/fact-sheets/xponent


2. King LM, Bartoces M, Fleming-Dutra KE, Roberts RM, Hicks LA. Changes in US 
Outpatient Antibiotic Prescriptions From 2011–2016. Clin Infect Dis. Jan 16 2020;70(3):370–377. 
doi:10.1093/cid/ciz225 [PubMed: 30882145] 

3. Centers for Disease Control and Prevention. Antibiotic Resistance Patient Safety Portal: Outpatient 
Antibiotic Prescription Data. 2021. Accessed January 31, 2024. https://arpsptest.cdc.gov/resources/
OAU-Data-Methods-2021.pdf

4. Centers for Disease Control and Prevention. Antimicrobial Resistance & Patient Safety Portal: 
Antibiotic Use & Stewardship. CDC. Accessed March 13, 2024. https://arpsp.cdc.gov/profile/
antibiotic-use?tab=antibiotic-use

5. Underwood N, Cremer L, Cance JD, Williams J, Guy GP Jr., Zule W. The impact of community-
level prevention strategies on high-dose opioid dispensing rates: 2014–2019. Drug Alcohol Depend. 
Oct 1 2021;227:108988. doi:10.1016/j.drugalcdep.2021.108988 [PubMed: 34508978] 

6. Joinpoint Trend Analysis Software. Version 4.9.1.0. National Cancer Institute; 2022. Accessed 
February 1, 2024. https://surveillance.cancer.gov/joinpoint/

7. Dragomirescu I, Llorca J, Gómez-Acebo I, Dierssen-Sotos T. A join point regression analysis of 
trends in mortality due to osteoporosis in Spain. Scientific Reports. 2019/03/12 2019;9(1):4264. 
doi:10.1038/s41598-019-40806-0 [PubMed: 30862942] 

8. Renny MH, Yin HS, Jent V, Hadland SE, Cerda M. Temporal Trends in Opioid Prescribing Practices 
in Children, Adolescents, and Younger Adults in the US From 2006 to 2018. JAMA Pediatr. Oct 1 
2021;175(10):1043–1052. doi:10.1001/jamapediatrics.2021.1832 [PubMed: 34180978] 

9. Chen HS, Zeichner S, Anderson RN, Espey DK, Kim HJ, Feuer EJ. The Joinpoint-Jump and 
Joinpoint-Comparability Ratio Model for Trend Analysis with Applications to Coding Changes 
in Health Statistics. J Off Stat. Mar 2020;36(1):49–62. doi:10.2478/jos-2020-0003 [PubMed: 
32713989] 

10. Ingram D, Malec D, Makuc D, et al. National Center for Health Statistics Guidelines for Analysis 
of Trends. Vol. 2(179). 2018. Vital Health Stat.

11. Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious 
Diseases (NCEZID), Division of Healthcare Quality Promotion (DHQP). Antibiotic Use in the 
United States, 2021 Update: Progress and Opportunities. CDC. Updated October 6, 2022. 
Accessed February 28, 2024. https://www.cdc.gov/antibiotic-use/stewardship-report/
2021.html#:~:text=An%20antibiotic%20stewardship%20goal%20from%20the%20first%20CARB
,by%20states%20and%20payers%20to%20engage%20high%20prescribers

12. Sankar A, Swanson KM, Zhou J, et al. Association of Fluoroquinolone Prescribing Rates With 
Black Box Warnings from the US Food and Drug Administration. JAMA Netw Open. Dec 1 
2021;4(12):e2136662. doi:10.1001/jamanetworkopen.2021.36662 [PubMed: 34851398] 

13. Hincapie-Castillo JM, Goodin A. Using Joinpoint regression for drug utilization research: Tutorial 
and case study of prescription opioid use in the United States. Pharmacoepidemiol Drug Saf. May 
2023;32(5):509–516. doi:10.1002/pds.5606 [PubMed: 36813735] 

Kim et al. Page 5

Am J Epidemiol. Author manuscript; available in PMC 2025 October 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kim et al. Page 6

Table 1.

Trends in outpatient oral antibiotic prescriptions, United States, 2011–2019, IQVIA® Xponent data

Characteristics

Annual Percent Change (APC)b (95% CI) Average Annual 
Percent Change 

(AAPC)b (95% CI)

Prevalence Ratioc 
(95% CI)No joinpoint 

segmentsa 1 joinpoint segment

2011–2019 2011–2016 2016–2019 2011–2019 2019 vs. 2011

Overall −1.1 (−1.6, −0.6) NA NA −1.1 (−1.6, −0.6) 0.87 (0.87, 0.87)

Age group (years)

 <20 −2.9 (−3.7, −2.1) NA NA −2.9 (−3.7, −2.1) 0.75 (0.75, 0.75)

 20–64 NA 0.0 (−0.8, 0.8) −2.2 (−4.0,−0.4) −0.8 (−1.4,−0.2) -

 ≥65 −0.0 (−0.4, 0.4) NA NA −0.0 (−0.4, 0.4) 0.99 (0.99, 0.99)

Sex

 Male −1.1 (−1.7, −0.6) NA NA −1.1 (−1.7, −0.6) 0.87 (0.87, 0.87)

 Female −0.8 (−1.4, −0.2) NA NA −0.8 (−1.4, −0.2) 0.88 (0.88, 0.88)

Region

 Northeast −0.7 (−1.1, −0.2) NA NA −0.7 (−1.1, −0.2) 0.90 (0.90, 0.90)

 Midwest −1.2 (−1.9, −0.4) NA NA −1.2 (−1.9, −0.4) 0.83 (0.83, 0.83)

 South −0.9 (−1.4, −0.4) NA NA −0.9 (−1.4, −0.4) 0.90 (0.90, 0.90)

 West −1.7 (−2.3, −1.0) NA NA −1.7 (−2.3, −1.0) 0.82 (0.82, 0.82)

Antibiotic classes

 Ages <20 years

  Tetracyclines NA −3.6 (−6.3, −0.8) −0.7 (−3.8, 2.5) −2.2 (−3.6, −0.7) -

  Cephalosporins −2.8 (−3.6, −1.9) NA NA −2.8 (−3.6, −1.9) 0.79 (0.79, 0.79)

  Lincosamides NA 3.0 (2.1, 4.0) −3.2 (−8.5, 2.4) 1.4 (0.3, 2.6) -

  Macrolides −8.0 (−9.1, −6.8) NA NA −8.0 (−9.1, −6.8) 0.51 (0.51, 0.51)

  Penicillins −0.3 (−1.4, 0.7) NA NA −0.3 (−1.4, 0.7) 0.90 (0.90, 0.91)

  Fluoroquinolones NA 0.5 (−1.8, 2.9) −14.8 (−17.2, 
−12.2) −7.4 (−8.7, −6.2) -

  Trimethoprim-
sulfamethoxazole −6.1 (−7.2, −4.9) NA NA −6.1 (−7.2, −4.9) 0.53 (0.53, 0.53)

  Beta-lactams, increased 
activity −2.3 (−3.4, −1.3) NA NA −2.3 (−3.4, −1.3) 0.80 (0.80, 0.80)

  Other antibiotics −10.2 (−16.7, 
−3.1) NA NA −10.2 (−16.7, −3.1) 0.65 (0.64, 0.66)

  Urinary anti-infectives −0.5 (−1.1, 0.1) NA NA −0.5 (−1.1, 0.1) 0.91 (0.9, 0.91)

 Ages 20–64 years

  Tetracyclines NA −1.8 (−5.7, 2.3) 6.1 (2.1, 10.2) 2.1 (0.1, 4.1) -

  Cephalosporins 0.4 (0.0, 0.9) NA NA 0.4 (0.0, 0.9) 1.01 (1.01, 1.01)

  Lincosamides NA 4.1 (3.4, 4.8) −2.8 (−6.6, 1.2) 2.3 (1.5, 3.2) -

  Macrolides −3.8 (−4.8, −2.8) NA NA −3.8 (−4.8, −2.8) 0.68 (0.68, 0.68)

  Penicillins NA 0.9 (0.5, 1.3) −3.3 (−5.5, −1.1) −0.2 (−0.6, 0.3) -
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Characteristics

Annual Percent Change (APC)b (95% CI) Average Annual 
Percent Change 

(AAPC)b (95% CI)

Prevalence Ratioc 
(95% CI)No joinpoint 

segmentsa 1 joinpoint segment

2011–2019 2011–2016 2016–2019 2011–2019 2019 vs. 2011

  Fluoroquinolones NA −0.2 (−2.7, 2.4) −12.7 (−15.3, 
−10.0) −6.7 (−7.9, −5.3) -

  Trimethoprim-
sulfamethoxazole NA 3.5 (−5.2, 13.0) −2.5 (−4.0, −1.0) −1.1 (−2.8, 0.7) -

  Beta-lactams, increased 
activity 6.4 (5.3, 7.5) NA NA 6.4 (5.3, 7.5) 1.48 (1.48, 1.48)

  Other antibiotics NA −4.1 (−10.4, 2.7) 18.5 (2.6, 36.9) 3.9 (−1.1,9.0) -

  Urinary anti-infectives 2.8 (2.4, 3.3) NA NA 2.8 (2.4, 3.3) 1.25 (1.25, 1.25)

 Ages ≥65 years

  Tetracyclines NA 1.8 (−1.8, 5.6) 9.5 (6.3, 12.7) 5.6 (3.9, 7.3) -

  Cephalosporins 2.4 (1.9, 2.9) NA NA 2.4 (1.9, 2.9) 1.24 (1.24, 1.24)

  Lincosamides NA 3.6 (2.6, 4.6) −0.2 (−2.1,1.8) 2.2 (1.5, 2.9) -

  Macrolides −5.1 (−2.9, −8.3) NA NA −5.1 (−2.9,−8.3) 0.76 (0.76, 0.76)

  Penicillins NA 4.3 (−1.6,10.7) 0.5 (−0.4, 1.4) 1.4 (0.3, 2.6) -

  Fluoroquinolones NA −0.6 (−3.3, 2.2) −11.2 (−13.8, 
−8.5) −6.1 (−7.4,−4.7) -

  Trimethoprim-
sulfamethoxazole −0.4 (−1.3, 0.6) NA NA −0.4 (−1.3,0.6) 0.94 (0.94, 0.95)

  Beta-lactams, increased 
activity 5.6 (5.1, 6.2) NA NA 5.6 (5.1, 6.2) 1.55 (1.55, 1.55)

  Other antibiotics NA −1.4 (−3.7, 0.8) 18.7 (13.8, 23.8) 5.7 (4.1, 7.3) -

  Urinary anti-infectives NA −2.6 (−4.7, −0.5) 5.4 (3.4, 7.5) 1.3 (0.3, 2.4) -

Notes: not applicable.

a
Absence of a joinpoint was used to identify a linear trend and the APC was constant and equal to AAPC. Variables with NA indicates non-linear 

trends and the APC was estimated for both join-segments for 2011–2016 and 2016–2019.

b
If the confidence interval does not contain zero, then the APC or AAPC is different from zero at the significance level of α=0.05.

c
If the confidence interval does not contain 1, then the prevalence ratio is different from 1 at the significance level of α=0.05. With 2011 as the 

reference, prevalence ratio < 1 indicates a decrease, prevalence ratio = 1 indicates no change, and prevalence ratio > 1 indicates an increase in rates 
from 2011 to 2019.
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