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Background. Antibiotic resistance has been identified as a public health threat both in the United States and globally. The United 
States published the National Strategy for Combating Antibiotic Resistance in 2014, which included goals to reduce inappropriate 
outpatient antibiotic use.

Methods. This cross-sectional study was conducted using National Health and Nutrition Examination Surveys (NHANES) 
years 1999–2018. Weighted prevalence of past 30-day nontopical outpatient antibiotic use was calculated, as well as the change in 
prevalence from 1999–2002 to 2015–2018 and 2007–2010 to 2015–2018, both overall and for subgroups. Associations with past 
30-day nontopical outpatient antibiotic use in 2015–2018 were examined using predictive margins calculated by multivariable lo-
gistic regression.

Results. The overall prevalence of past 30-day nontopical outpatient antibiotic use adjusted for age, sex, race/ethnicity, poverty 
status, time of year of the interview, and insurance status from 1999–2002 to 2015–2018 changed significantly from 4.9% (95% CI, 
3.9% to 5.0%) to 3.0% (95% CI, 2.6% to 3.0%), with the largest decrease among children age 0–1 years. From 2007–2010 to 2015–
2018, there was no significant change (adjusted prevalence ratio [adjPR], 1.0; 95% CI, 0.8 to 1.2). Age was significantly associated 
with antibiotic use, with children age 0–1 years having significantly higher antibiotic use than all other age categories >6 years. Being 
non-Hispanic Black was negatively associated with antibiotic use as compared with being non-Hispanic White (adjPR, 0.6; 95% CI, 
0.4 to 0.8).

Conclusions. While there were declines in antibiotic use from 1999–2002 to 2015–2018, there were no observed declines during 
the last decade.

Keywords.  antibiotics; National Health and Nutrition Examination Surveys (NHANES); national trends; United States.

Antibiotic resistance has been identified as a public health 
threat both in the United States and globally [1]. It is esti-
mated that there are >2.8 million antibiotic-resistant infections 
each year in the United States alone, causing >35 000 deaths 
and costing the US health care system ~$20 billion annu-
ally [1, 2]. A  study using data from the 2010–2011 National 
Ambulatory Medical Care Survey and National Hospital 
Ambulatory Medical Care Survey found that ~30% of all oral 

antibiotics prescribed during ambulatory visits may have been 
unnecessary [3]. More recent data suggest that declines since 
this time have been minimal and vary by age [4]. Despite the 
prospect of new antibiotics being developed and that appro-
priately prescribed antibiotics also contribute to resistance, 
reducing inappropriate antibiotic use is important [1, 3]. The 
United States White House published the National Strategy 
for Combating Antibiotic Resistance in 2014, which included 
goals to reduce inappropriate outpatient antibiotic use by 50% 
and inappropriate inpatient antibiotic use by 20% by 2020 [5, 
6]. Additionally, recent data suggest that broadly distributed 
antibiotic use (as opposed to intense use from a more limited 
patient population) and first antibiotic use may more often be 
associated with antibiotic resistance than repeat use [7].

While insurance claims data are often used to determine 
trends in prescription medication use, several studies have 
explored trends in prescription drug use with NHANES data 
[8–11]. Trends of antibiotic use in the United States using the 
National Health and Nutrition Examination Survey (NHANES) 
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were previously published for the years 1999–2012, where Frenk 
et al. found a significant decline in antibiotic use over the study 
period [12]. The aim of this study was to describe the trends of 
past 30-day short-term nontopical antibiotic use in the United 
States from 1999 to 2018 with a focus on the last decade.

METHODS

Data Source and Population

The NHANES is a cross-sectional, stratified, multistage 
probability sampling design survey conducted by the 
National Center for Health Statistics (NCHS). This design 
allows for the calculation of estimates representative of the 
noninstitutionalized, civilian US population. The data for 
NHANES has been collected and released in 2-year inter-
vals since 1999. The survey includes both in-person house-
hold interviews and visits to a medical examination center 
(MEC), where physical examinations, laboratory tests, and 
audio computer-assisted self-interviews (ACASI) for addi-
tional health-related information are performed [13].

Participants who were 16  years or older and emancipated 
minors answered questions for themselves, while participants 
15 years or younger and participants who were unable to answer 
for themselves had a proxy answer for them [14]. Data for this 
analysis include NHANES years 1999–2018. All participants 
who participated in the MEC center portion of the NHANES 
were included in the analysis.

Prescription Medication Data and Antibiotic Use as an Outcome

All participants were asked during the in-home interview 
if they had taken any prescription medications in the past 
30  days. If the participant had taken a prescription med-
ication in the past 30  days, they provided the name of the 
medication and how many days they had taken it. All pre-
scription medication data were processed using the Multum 
Lexicon database. Medication data were provided using the 
generic drug name [15]. This study included both single- and 
multi-ingredient drugs that had at least 1 antibiotic listed as 
an ingredient. This included mostly drugs whose first level 
category was listed as “anti-infective” but also included a 
few drugs whose first level category was “gastrointestinal 
agents” or “genitourinary agents.” This analysis did not in-
clude antiviral and antifungal medications or antitubuculosis 
agents and leprostatics. Topical antibiotics (including otic 
and ophthalmic preparations) were excluded from the ma-
jority of the analysis; however, we calculated the use of all 
antibiotics, which included topical medications, for the study 
years to visually compare trends with nontopical antibi-
otic use. All medications included in the analysis are listed 
in Supplementary Table 1, with variable and value names as 
provided by the NHANES prescription medication-drug in-
formation (RXQ_DRUG) file [15].

If possible, the participant provided the interviewer with the 
medication container; however, even in cases when the con-
tainer was not available, the prescription was recorded. This 
analysis focused on short-term oral antibiotic use; prescriptions 
were included that were taken for no more than 21 days regard-
less of whether the medication container was seen by NHANES 
staff. The medication container was seen in 84.7% of all medi-
cations reported (109544/129398), and 67.1% of all reported 
nontopical antibiotics were used for ≤21 days (2466/3983).

Independent Variables

Demographic variables of interest were asked of all participants 
during the household interview. Age was categorized into the 
following groups: 0–1, 2–6, 7–12, 13–17, 18–29, 30–39, 40–49, 
50–59, 60+ years. Race/ethnicity was categorized as “Non-
Hispanic White,” “Non-Hispanic Black,” “Mexican American,” 
“Other Hispanic,” and “Other Race—Including Multi Racial.” 
Place of birth was defined as having been born in the 50 states 
or Washington DC or outside the 50 states or Washington DC. 
The household income’s ratio to the federal poverty level was 
calculated and dichotomized to below the poverty level and at 
or above the poverty level. Participant sex and insurance status 
were also considered in the analysis.

Body mass index (BMI) was measured in the MEC and was 
captured among participants age 2 years and older. Participants 
age 2 years and older were categorized as “Underweight (<18.5),” 
“Normal weight (18.5–24.9),” “Overweight (25.0–29.9),” and 
“Obese (30.0+).” Additionally, participants age 1 year and older 
were asked whether they had “a head cold or chest cold that 
started during [the past] 30 days” as well as whether they had 
“flu, pneumonia, or ear infections that had started during [the 
past] 30  days.” Unfortunately, there was no way to differen-
tiate which infection a participant had specifically experienced. 
Additionally, these categories were not mutually exclusive. 
Seasonality was considered using the time of year the inter-
view took place, categorized as either from November 1 to 
April 30 or from May 1 to Oct 31 by NHANES. Participants age 
20 years and older were asked if they had experienced certain 
comorbidities such as ever having been diagnosed with stroke, 
cancer/malignancy, diabetes, heart disease (heart failure, coro-
nary heart disease, angina pectoris, or heart attack), lung disease 
(emphysema or chronic bronchitis), liver disease, or arthritis, as 
well as if they had an asthma attack/episode of asthma in past 
12  months. Participants’ number of reported comorbidities 
were tallied and categorized as 0, 1, or 2+. Missing values for 
individual comorbidities were imputed as 0 (ie, absent; <0.5% 
of total observations) for the main analysis.

Statistical Analysis

All statistical analyses were calculated using the MEC weights 
unless otherwise specified. From 1999 to 2010, the overall un-
weighted response rate for attending the MEC portion was 
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>75%. Starting in 2011–2012, the response rate decreased, 
with an unweighted response rate in 2017–2018 of 48.8% [16]. 
In addition to considering unequal sampling probabilities for 
selection, the MEC weights account for nonresponse of both 
participating in the NHANES as a whole and nonresponse to 
participating in the MEC.

The overall prevalence rates of past 30-day short-term 
nontopical antibiotic use and past 30-day short-term all an-
tibiotic use (both topical and nontopical combined) for the 
2-year survey intervals were calculated. Additional analyses 
used survey years grouped into 4-year categories to increase the 
sample size at each time point to provide more stable estimates; 
survey weights were adjusted accordingly. The unadjusted prev-
alence of past 30-day short-term nontopical antibiotic use was 
calculated both overall and by subgroups of interest for the years 
1999–2002, 2007–2010, and 2015–2018. Years were grouped 
into 4-year intervals to allow for the calculation of stable esti-
mates within subgroups. The change of past 30-day short-term 
nontopical antibiotic use from 1999–2002 to 2015–2018 and 
from 2007–2010 to 2015–2018 (average marginal effects) was 
estimated using the predictive margins calculated from both 
an unadjusted and adjusted logistic regression accounting for 
age, sex, race/ethnicity, place of birth, poverty, time of year, and 
insurance status.

Overall trends in antibiotics use by certain classes of anti-
biotics (penicillins, cephalosporins, macrolides, and quin-
olones) were examined. The estimates for prevalence of use for 
some classes of antibiotics, including sulfonamides, tetracyc-
lines, lincomycins, urinary antinfectives, aminoglycosides, and 
glycopeptide antibiotics, were unstable as outlined by NCHS 
standards, and thus were grouped into the “Other” category 
[17].

Using prevalence ratios (PRs) obtained from the predictive 
margins estimated by logistic regression, factors associated with 
past 30-day short-term nontopical antibiotic use in 2015–2018 
were examined. A multivariable model was used to calculate ad-
justed estimates and included the terms age, sex, race, place of 
birth, poverty status, insurance status, and time of year, as well 
as the subgroup of interest.

Additionally, in a sensitivity analysis, the proportion of anti-
biotic use across years was calculated after multiple imputation 
to account for missingness in the data (~17%–20% of obser-
vations missing ≥1 variable per survey period). Missing data 
are shown in Supplementary Table 2. Continuous variables were 
imputed using predictive mean matching, while binary vari-
ables were imputed using logistic regression. The imputation 
included all covariates of interest, including education, general 
health conditions (excellent, very good, good, fair or poor), 
where participant receives routine health care (clinic or health 
center, doctor’s office or HMO, hospital emergency room, hos-
pital outpatient department, or some other place), number 
of times in the past year the participant has seen a doctor or 

health professional (0, 1, 2–3, 4–9, 10–12, 13+), house owner-
ship status, having smoked a cigarette in the past 30 days, and 
terms for number of smokers in the house. All comorbidities, 
except asthma and diabetes, were set to 0 for all participants age 
<20  years for the imputation, but excluded from the analysis 
using the imputed data. Missing comorbidities that were set to 
0 in the main analysis were imputed with multiple imputation 
by chained equations (MICE). Smoking a cigarette in the past 
30 days was imputed to 0 for all participants age <12 years.

Patient Consent

Participants age greater than or equal to 18 years and eman-
cipated minors provided written consent, while participants 
age 7–17 years provided assent to participate. The analysis was 
conducted using de-identified publicly available data and was 
waived from review by the Johns Hopkins University School of 
Medicine Institutional Review Board.

RESULTS

Trends of Antibiotic Use 1999–2018

The unweighted sample population included 96  766 partici-
pants who attended the MEC portion on the NHANES between 
1999 and 2018. Of these participants, 81 were missing data on 
prescription medication use, and therefore were excluded from 
the main analysis, but were included in the MICE sensitivity 
analysis. In 2017–2018, past 30-day short-term nontopical use 
was 3.2% (95% CI, 2.5% to 4.0%), down from 4.6% (95% CI, 
3.7% to 5.6%) in 1999–2000 (Figure 1). Past 30-day short-term 
antibiotic use for all antibiotics (both topical and nontopical) 
from 1999 to 2018 followed the same trend as past 30-day short-
term nontopical use over the same years.

The prevalence of past 30-day short-term nontopical use 
decreased significantly from 1999–2002 to 2015–2018 (ad-
justed prevalence ratio [aPR], 0.7; 95% CI, 0.5 to 0.8) (Table 1) 
adjusting for age, sex, race/ethnicity, poverty status, place of 
birth, time of year, and insurance status. Among the different 
age categories, decreases were seen in children age 0–1 years 
(aPR, 0.6; 95% CI, 0.3 to 0.8), as well as people in the following 
age categories: 6–11, 12–17, and 18–39  years. Additionally 
during this time period, there was a decrease in antibiotic use 
among non-Hispanic White, Mexican American, and other 
Hispanic populations, as well as among people born in the 50 
US states and Washington DC. There was no significant de-
crease in antibiotic use among the non-Hispanic Black pop-
ulation, those categorized as other race/multiracial, or people 
born outside of the United States, although the trends in 
these groups were similar to those in other groups. Decreases 
were seen both among people below the poverty line and 
among those at or above the poverty line; however, the mag-
nitude of decrease was slightly larger among those below the 
poverty line.
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In addition to general sociodemographic factors, prevalence 
of antibiotic use significantly decreased both among people who 
not diagnosed with a head or chest cold over the past 30 days 
(aPR, 0.6; 95% CI, 0.5 to 0.8). While short-term antibiotic use 
among those who had flu pneumonia or an ear infection over 
the past 30 days did not change, antibiotic use significantly de-
creased among those who did not report these infections (aPR, 
0.7; 95% CI, 0.5 to 0.8). Additionally, the significant decrease 
among participants who were interviewed from November 1 to 
April 30 was similar to the decrease of those who were inter-
viewed from May 1 to October 31.

Importantly, from 2007–2010 to 2015–2018, there was no 
significant change (aPR, 1.0; 95% CI, 0.8 to 1.2) in short-term 
antibiotic use. While the non-Hispanic Black population and 
the uninsured population saw a decrease in univariate anal-
ysis during these years, these decreases were no longer signif-
icant after adjustment. After multiple imputation to account 
for missing data, the trends generally remained the same 
(Supplementary Table 3).

Trends of Antibiotic Use 1999–2018 by Class

The most commonly used class of antibiotics was penicillins 
(Table 2), which accounted for nearly half of all antibiotic use 
in all years. Amoxicillin made up of the majority of all peni-
cillin use in all years. There was a significant decrease in the use 
of penicillins (PR, 0.6; 95% CI, 0.5 to 0.8) and cephalosporins 
(PR, 0.6; 95% CI, 0.5 to 0.9) from 1999–2002 to 2015–2018. 
However, like overall antibiotic use, there were no decreases ob-
served from 2007–2010 to 2015–2018 in any class or type of 
antibiotic.

Factors Associated With Antibiotic Use Between 2015 and 2018

Associations with antibiotic use in 2015–2018 are shown in 
Table 3. Age was significantly associated with antibiotic use, 
with children age 0–1  years having significantly higher anti-
biotic use than all other age categories. Being non-Hispanic 
Black was negatively associated with antibiotic use as com-
pared with being non-Hispanic White (adjPR, 0.6; 95% CI, 
0.4 to 0.8). While time of year was not significantly associated 
with antibiotic use in a univariate analysis, after adjustment for 
confounders, those who were interviewed between November 
1 and April 30 were significantly more likely to have been on 
antibiotics during the past 30 days than those who were inter-
viewed between May 1 and October 30. Having a head or chest 
cold in the past 30 days remained significant after adjustment 
for confounders, as well as having the flu, pneumonia, or an ear 
infection in the past 30 days. Being overweight or obese was sig-
nificantly associated with lower use of antibiotics as compared 
with being underweight.

DISCUSSION

In this analysis of nationally representative data, there was a 
significant decrease in antibiotic use from 1999–2000 to 2015–
2018, but no change from 2007–2010 to 2015–2018, suggesting 
that the largest decrease in antibiotic use over the past 2 decades 
took place during the earlier years.

Barriers to appropriate antibiotic prescribing among phys-
icians include providers’ perceptions of patients’ expecta-
tions of treatment and patient’s knowledge levels regarding 
antibiotic resistance, although a recent study from Australia 
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that interviewed both general practitioners and caregivers of 
children <5  years of age found that practitioners may over-
estimate the importance of prescribing antibiotics for young 
children based on a perceived notion of parent satisfaction 
and knowledge [18–20]. Another study suggested that pro-
viders may externalize blame and responsibility to pre-
scribers other than themselves for antibiotic resistance and 
its management [21]. In addition, the 7-valent and 13-valent 
pneumococcal conjugate vaccines were introduced in early 
2000, which reduced the incidence of vaccine-type invasive 
pneumococcal disease and could have led to a reduction in 
antibiotic use [12, 22, 23].

The findings of this study are consistent with previously pub-
lished data of earlier years. The subgroup results are similar to 
the previous NHANES study by Frenk et  al. examining anti-
biotic use trends between years that showed the largest abso-
lute decline in children under 2 years of age [12]. However, this 
subgroup also had the highest overall antibiotic use prevalence 
to begin with, and the relative prevalence difference was not of 
greater magnitude than age groups from 6 to 39 years, which 
also saw a significant decline. A study by King et al. evaluated 
trends in antibiotic use from community pharmacy dispensing 
data and found a decline from 2011 to 2014, with a plateau in 
2015–2016 [24]. While we did not calculate the change from 
2011–2012 to 2015–2016 and the associated statistical signif-
icance, we found similar trends for these years, which dem-
onstrates that this trend is consistent across data sources. This 
study also found that younger age and having a head/chest cold 
in the past 30 days were positively associated with antibiotic use, 
consistent with other studies that infants and young children 
have the highest rates of antibiotic use [25, 26]. Non-Hispanic 
Black race was negatively associated with antibiotic use, which 
is likely attributable to the prevalence of racial disparities in pre-
scribing practices, which has been previously documented, and 
health care in general [27, 28]. Surprisingly, there was no asso-
ciation between insurance status and antibiotic use.

There are limitations with this study. One limitation is that 
antibiotic use was collected by self-report. While all prescrip-
tion data were collected for medications used within 30  days 
before the interview—which hypothetically would have less 
recall bias as compared with medications used in the past be-
fore the interview—there was still the potential for participants 
to not remember whether they took a prescription medication 
or which prescription they took, especially in the case where 
the participant was no longer in possession of the medication 
bottle. Additionally, as prescription medication use was only 
collected for the 30 days before the interview, this study only al-
lows for the estimation of past 30-day use of antibiotics and not 
total use over the year. Compared with pharmacy claims data, 
the data set provided by NHANES is relatively small, which may 
have restricted our ability to detect smaller yet still meaningful 
decreases. Unfortunately, there were no data collected regarding 

Table 3. Associations With Past 30-Day Nontopical Outpatient Antibiotic 
Use Among the US Population 2015–2018

Characteristic
Prevalence 
Ratio

Adjusted Preva-
lence Ratioa

Age   

 0–1 1 1

 2–5 0.6 (0.3 to 1.0) 0.7 (0.3 to 1.0)

 6–11 0.4 (0.2 to 0.5) 0.4 (0.2 to 0.5)

 12–17 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.4)

 18–39 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.4)

 40–59 0.4 (0.2 to 0.5) 0.4 (0.2 to 0.5)

 60+ 0.2 (0.1 to 0.4) 0.2 (0.1 to 0.4)

Sex   

 Male 1 1

 Female 1.1 (0.7 to 1.4) 1.1 (0.7 to 1.5)

Race/ethnicity   

 Non-Hispanic White 1 1

 Non-Hispanic Black 0.5 (0.4 to 0.7) 0.6 (0.4 to 0.8)

 Mexican American 0.8 (0.5 to 1.0) 0.7 (0.5 to 1.0)

 Other Hispanic 0.8 (0.5 to 1.1) 0.9 (0.5 to 1.3)

 Other race—including multiracial 0.8 (0.5 to 1.1) 0.8 (0.4 to 1.3)

Place of birth   

 Born in 50 states or Washington DC 1 1

 Born outside 50 states or 
Washington DC

0.5 (0.2 to 0.9) 0.7 (0.1 to 1.3)

Poverty status   

 Below the poverty level 1 1

 At or above poverty level 1.1 (0.8 to 1.5) 1.1 (0.8 to 1.4)

Insurance status   

 Not insured 1 1

 Insured 2.2 (1.0 to 3.5) 1.8 (0.7 to 3.0)

BMIb   

 Underweight (<18.5) 1 1

 Normal weight (18.5–24.9) 0.7 (0.5 to 1.0) 0.8 (0.6 to 1.0)

 Overweight (25.0–29.9) 0.5 (0.3 to 0.7) 0.6 (0.3 to 0.9)

 Obese (30.0+) 0.5 (0.3 to 0.7) 0.5 (0.1 to 0.9)

Head or chest cold past 30 dc   

 No 1 1

 Yes 3.1 (2.0 to 4.2) 2.8 (1.7 to 3.9)

Flu, pneumonia, ear infection past 30 dc   

 No 1 1

 Yes 5.6 (3.6 to 7.5) 5.5 (3.3 to 7.6)

Time of year interview conducted   

 November 1–April 30 1 1

 May 1–October 31 0.7 (0.4 to 1.0) 0.7 (0.4 to 0.9)

No. of comorbiditiesd   

 0 1 1

 1 0.8 (0.4 to 1.2) 1.0 (0.7 to 1.3)

 2 1.0 (0.5 to 1.4) 1.0 (0.4 to 1.6)

Crude prevalence ratios (average marginal effect of each category) and corresponding 95% 
CIs were estimated from survey-weighted univariable logistic regression.

Abbreviation: BMI, body mass index.
aAdjusted prevalence ratios (average marginal effect of each category) and corresponding 
95% CIs in antibiotic use prevalence were estimated by survey-weighted multivariable lo-
gistic regression models including age, sex, race, place of birth, poverty status, insurance 
status time of year, having a head chest or chest cold in the last 30 days, and having been 
diagnosed with flu, pneumonia, or an ear infection in the past 30 days.
bTwo years and older.
cOne year and older.
dTwenty years and older; comorbidities include stroke, cancer/malignancy, diabetes, heart 
disease (heart failure, coronary heart disease, angina pectoris, or heart attack), lung dis-
ease (emphysema or chronic bronchitis), liver disease, or arthritis, as well as if they had an 
asthma attack/episode of asthma in past 12 months.
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where the prescription was issued, so trends regarding prescrip-
tion location could not be estimated. Lastly, the response rate to 
NHANES decreased over time, which has the potential to bias 
estimates. However, one strength of this study is that NHANES 
provides nationally representative estimates. Additionally, 
NHANES gathers consistent information on a wide variety of 
demographic and personal characteristics that allow for explo-
ration of trends and associations among various subgroups of 
interest, including uninsured people.

Overall, these data suggest that, despite the push for anti-
microbial stewardship and reducing unnecessary antimicrobial 
prescriptions, the progress of reduction over the past decade 
may be slower than desired. Further investigation should be 
conducted for the most recent years to verify if these findings 
hold across data sources, as this would imply that the United 
States has not met the goals established in 2014 to reduce an-
tibiotic use [5]. Studies have also shown that antibiotic pre-
scribing in the United States differs by region [26, 29]. While 
the need for antibiotic stewardship is evident, there are many 
gaps in the research on achieving and sustaining appropriate 
antibiotic prescribing for a wide range of geographic and 
clinical settings and employing the expertise of various dis-
ciplines and stakeholders [30, 31]. Additionally, technologies 
or improved antibiotic use guidelines that improve the diag-
nostic capabilities of clinicians, as well as vaccines that target 
antimicrobial-nonsusceptible organisms, may help improve 
outcomes [23, 32–35]. It is also important to re-engage phys-
icians in the United States as well as the general public to reach 
the goals of reducing antibiotic use.
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