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IMPORTANCE Acute sinusitis has the highest rate of antibiotic prescribing in adults younger
than 65 years. There is no consensus regarding whether amoxicillin-clavulanate or amoxicillin
should be first-line treatment for uncomplicated acute sinusitis in adults.

OBJECTIVE To compare the risk of treatment failure and adverse events between
standard-dose amoxicillin-clavulanate vs standard-dose amoxicillin for acute sinusitis
in adults.

DESIGN, SETTING, AND PARTICIPANTS New-user, active comparator retrospective cohort study
using a nationwide health care utilization database comparing amoxicillin-clavulanate vs
amoxicillin for adults aged 18 to 64 years with outpatient acute sinusitis. Patients with a new
acute sinusitis diagnosis between January 1, 2018, and December 1, 2023, were eligible.
Statistical analysis was conducted between July and November 2025. Propensity score
matching was used to help mitigate confounding.

EXPOSURES Standard-dose amoxicillin-clavulanate (875 mg-125 mg twice daily) or
standard-dose amoxicillin (875 mg twice daily or 500 mg 3 times daily).

MAIN OUTCOMES AND MEASURES The primary outcome was treatment failure, defined as the
first occurrence of a new antibiotic dispensation (with or without an outpatient visit),
emergency department or inpatient encounter for acute sinusitis, or inpatient encounter for
a sinusitis complication assessed 1 to 14 days after treatment initiation. Antibiotic-associated
adverse events and secondary infections were also assessed.

RESULTS The full cohort included 521 244 eligible patients. After propensity score matching,
there were 234 608 patients (117 304 patients per group; 65.5% female; median [IQR] age,
43 [31-54] years). Treatment failure occurred in 3.1% of patients overall, with 0.03%
requiring an emergency department or inpatient encounter. There was no observed
difference in the risk of treatment failure between the amoxicillin-clavulanate vs amoxicillin
groups (3.0% vs 3.1%; risk ratio [RR], 0.96 [95% CI, 0.92-1.01]), which was consistent
across sensitivity analyses. There was no difference in antibiotic-associated adverse events
(1.3% vs 1.2%; RR, 1.04 [95% CI, 0.97-1.12]). The risk of secondary infections was higher for
amoxicillin-clavulanate vs amoxicillin, including yeast infections (1.1% vs 0.8%; RR, 1.40
[95% CI, 1.29-1.53]) and Clostridioides difficile infections (0.04% vs 0.02%; RR, 2.14 [95% CI,
1.29-3.54]).

CONCLUSIONS AND RELEVANCE In this observational study of patients aged 18 to 64 years
with acute sinusitis treated in the outpatient setting with standard-dose amoxicillin-
clavulanate or standard-dose amoxicillin, there was no observed difference in treatment
failure. Amoxicillin-clavulanate was associated with a higher, albeit rare, risk of adverse
events. These findings suggest standard-dose amoxicillin may be a preferred first-line
treatment for adults with uncomplicated acute sinusitis.
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A cute sinusitis is associated with the highest rate of
antibiotic prescribing in the US among adults aged
18 to 65 years, with 2 visits per 100 adults resulting

in 4 million antibiotic courses annually.1-3 Amoxicillin-
clavulanate and amoxicillin are the most frequently pre-
scribed antibiotics, accounting for approximately 45% of
prescriptions.3 The Infectious Diseases Society of America
makes a “weak” recommendation for amoxicillin-clavulanate
as first-line treatment, rating the supporting evidence as low
quality, while the American Academy of Otolaryngology–
Head and Neck Surgery recommends either amoxicillin or
amoxicillin-clavulanate.4,5 Clavulanate is a β-lactamase
inhibitor that extends antimicrobial coverage to organisms
resistant to amoxicillin via β-lactamase production,6 with the
increased spectrum balanced against more adverse events
and potential propagation of antimicrobial resistance.7-10

Understanding whether there are differences in treatment
failure or adverse events between amoxicillin-clavulanate
and amoxicillin is essential to identify the optimal empiric
antibiotic.

Bacteria are recovered in approximately 70% of pa-
tients meeting strict diagnostic criteria for acute sinusitis,
with Streptococcus pneumoniae, nontypeable Haemophilus
influenzae, and Moraxella catarrhalis most frequently
isolated.11,12 S pneumoniae resistance to amoxicillin is
not mediated via a β-lactamase and thus amoxicillin-
clavulanate adds no benefit. H influenzae β-lactamase
expression occurs in up to 60% of isolates, although the
clinical significance of this is unclear, as H influenzae is a
less common cause of complicated sinusitis, suggestive of
resolution even when an antibiotic without β-lactamase
inhibition is administered.13-15 M catarrhalis universally
expresses a β-lactamase, although there is evidence that
upper respiratory tract infections with this organism may
resolve spontaneously.16 Although there may be theoretical
benefits to amoxicillin-clavulanate over amoxicillin, clinical
data are lacking.

A prior study of nearly 200 000 children with acute
sinusitis found no difference in treatment failure between
amoxicillin-clavulanate and amoxicillin (risk ratio [RR], 1.10
[95% CI, 1.05-1.16]) and slightly increased adverse events
with amoxicillin-clavulanate.10 A study in Veterans Health
Administration emergency department and urgent care set-
tings with mostly male and older patients reported similar
results.17 To the study investigators’ knowledge, no ran-
domized clinical trial has compared the 2 treatments since a
study of 188 children published in 2001, which found no
difference in treatment failure.18 This study aimed to com-
pare the risk of treatment failure and adverse events for
adults with acute sinusitis treated in the outpatient setting
with amoxicillin-clavulanate vs amoxicillin.

Methods
Data Source
The Merative MarketScan Commercial database includes
outpatient prescription medication dispensations, diagno-

ses, demographic information, health care encounters, and
procedures.

Study Design and Population
This was a new-user, active comparator, nationwide retro-
spective cohort study of patients aged 18 to 64 years with
new diagnoses of acute sinusitis between January 1, 2018,
and December 1, 2023 (eFigure 1 in Supplement 1).19,20

Cohort entry was defined as a dispensation of standard-
dose amoxicillin-clavulanate (875 mg-125 mg twice daily) or
standard-dose amoxicillin (875 mg twice daily or 500 mg
3 times daily), identified by National Drug Codes (eTable 1 in
Supplement 1), for a 5-, 7-, or 10-day supply, with a same-
day outpatient encounter with an International Statistical
Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) code for acute sinusitis (J01.×0).21 Patients
were excluded if they were younger than 18 years or 65
years or older; lacked 365 days of continuous insurance
enrollment prior to cohort entry; received more than 1 anti-
biotic on cohort entry; or received any systemic antibiotic
(oral, intravenous, or intramuscular route), acute sinusitis
diagnosis, or were hospitalized in the 30 days prior to
cohort entry. Patients were excluded for chronic sinus dis-
ease, a concurrent bacterial infection, influenza or COVID-19
within 7 days, or an immunization at the index encounter
(see eTable 2 in Supplement 1 for exclusion definitions).
Each patient contributed 1 treatment episode.

Exposures
Patients dispensed standard-dose amoxicillin-clavulanate
were considered the exposed group; patients dispensed
standard-dose amoxicillin were the referent group. Standard-
dose formulations were chosen because a prior randomized
clinical trial showed no difference in outcomes between
standard- vs high-dose amoxicillin-clavulanate for acute
sinusitis in adults.22

Outcomes
The primary treatment failure outcome was assessed 1 to 14
days after cohort entry. Treatment failure was defined as the

Key Points
Question For acute sinusitis in adults younger than 65 years,
is standard-dose amoxicillin-clavulanate associated with different
risks of treatment failure and adverse events compared with
standard-dose amoxicillin?

Findings In this retrospective cohort study of 521 244 adults
with acute sinusitis, overall treatment failure was rare (3.1%).
There was no observed difference in treatment failure between
treatment groups and an elevated relative risk, corresponding
to a small absolute increase in risk, of yeast infections and
Clostridioides difficile infections among patients treated with
amoxicillin-clavulanate.

Meaning These findings support standard-dose amoxicillin
as a preferred empiric choice for adults younger than 65 years
with uncomplicated acute sinusitis for whom an antibiotic
is indicated.
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first occurrence of (1) a new antibiotic dispensation, different
from the index antibiotic, in the absence of an outpatient en-
counter (eg, a prescription called in after an unbilled phone
encounter); (2) a new antibiotic dispensation, different from
the index antibiotic, with a same-day outpatient encounter for
acute sinusitis; (3) an emergency department encounter for
acute sinusitis; (4) an inpatient encounter for acute sinusitis;
or (5) an inpatient encounter for a complication of sinusitis (see
eTable 3 in Supplement 1 for outcome definitions). To at-
tempt to capture treatment failure due to inadequate clinical
response (rather than antibiotic-associated adverse events), we
also required the following: no documentation of an alterna-
tive bacterial infection or chronic sinusitis between treat-
ment start and outcome and, for outpatient and emergency de-
partment outcome components, no antibiotic-associated
adverse events on the day of the outcome. Secondary analy-
ses included the 5 component treatment failure outcomes
individually.

We captured incident antibiotic-associated adverse events,
including gastrointestinal, dermatologic, hypersensitivity, and
kidney adverse events, as well as secondary infections, in-
cluding yeast and Clostridioides difficile infections (see eTable 4
in Supplement 1 for definitions and follow-up windows). Ad-
verse events were considered incident if there was no occur-
rence of the event in the 30 days prior to the outcome or 60
days prior for secondary infections.

Covariates
We prespecified potential confounders previously shown
(or hypothesized) to be associated with both receipt of a
broader antibiotic and occurrence of the outcomes, includ-
ing age, chronic conditions (including immunocompromise
and smoking), residence in the southern US, clinician spe-
cialty, and whether the patient was new or established with
the practice (see eTables 5 and 6 in Supplement 1 for covari-
ate definitions).23-26 To mitigate confounding by indication,
we included covariates potentially associated with acute
sinusitis severity: antibiotic days’ supply, coded symptoms
at index visit, diagnostic testing at index visit, visit com-
plexity level, patient comorbidities, and concurrent pre-
scription medications. We captured whether patients took
antibiotics in the year prior (before the 30-day washout
window) due to the potential for infection with resistant
organisms after extensive antibiotic exposure. We captured
measures of health care utilization to account for health
care access and health care–seeking behavior that could
affect the likelihood of the primary outcome, including
adherence to guideline-recommended cancer screening,
number of previous health care encounters, number of dis-
tinct medications, and insurance plan type. In general,
covariates were assessed during the 365 days prior to cohort
entry (eTable 5 in Supplement 1).

Analyses
Statistical analysis was conducted between July and Novem-
ber 2025. To achieve balance in measured covariates by expo-
sure group, propensity scores for the likelihood to be dis-
pensed amoxicillin-clavulanate were estimated using logistic

regression, accounting for all prespecified covariates (eTable 5
in Supplement 1).27,28 Propensity score nearest neighbor 1:1
matching with a maximum caliper of 1% was performed. Co-
variate balance between groups was assessed using absolute
standardized differences, with differences greater than 0.1 in-
dicating substantial imbalance.29 Treatment effects were es-
timated without further adjustment because all covariates were
balanced in the matched cohort. RRs were estimated using
modified Poisson regression. Risk differences were esti-
mated using generalized linear regression with an identity link
function and normal error distribution. Cumulative inci-
dence curves with 95% CIs were estimated using the cumu-
lative incidence function, accounting for losses to follow-up
(end of data, end of enrollment, and death). Subgroup analy-
ses included age, sex, immunocompromised status, and amoxi-
cillin dosing strategy (875 mg twice daily or 500 mg 3 times
daily).30

Sensitivity analyses were conducted to assess the robust-
ness of the primary results. First, high-dimensional propen-
sity scores were estimated to capture additional confounders
or proxies of confounders through a bias-ranking approach
that incorporated covariate prevalence and strength of asso-
ciation with the exposure and outcome.31 We accounted for
up to 200 covariates, including prespecified and empirically
identified covariates with the strongest potential for
confounding.32 Second, because antibiotic resistance risk
increases with antibiotic exposure, we extended the washout
period for previously taking antibiotics from 30 days to 90
days and 180 days.33-35 Third, we extended the outcome
assessment window from 14 days to 30 days to evaluate for
both treatment failure and relapse of infection. Fourth, we
included ICD-10 codes for recurrent sinusitis (J01.×1) when
defining treatment failure to address potential outcome mis-
classification. Fifth, to assess for residual confounding attrib-
utable to differences in health care–seeking behavior, we
evaluated 4 negative control outcomes, which we anticipated
would not differ between treatment groups: hemorrhoids,
ingrown or fungal nail, tendinitis or tendinopathy, and wart
removal (eTable 4 in Supplement 1).36 These outcomes were
selected because most cases could reasonably be cared for
either at home or in the office and thus the presence of an
office visit for 1 of these conditions could reflect an individu-
al’s propensity to seek health care. Therefore, differences in
these outcomes between groups after propensity score
matching would suggest residual confounding due to differ-
ences in health care–seeking behavior.

All analyses were prespecified and performed using Aetion
Substantiate with R version 4.3.3 (R Foundation) integration.37,38

We based interpretations of results on the magnitude of the
point estimate and precision of the CI for each analysis,
rather than dichotomizing P values into significant and not
significant, consistent with American Statistical Association
guidance.39 The Brigham and Women’s Hospital Institutional
Review Board reviewed this study under 45 CFR part
46.101(c) and 21 CFR part 56; informed consent was waived
due to the use of deidentified data. This study followed the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) guidelines.40,41
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Results

Characteristics of the Study Cohort
The cohort included 521 244 patients after the application of
inclusion and exclusion criteria (Figure 1). Before propensity
score matching, the median (IQR) age was 44 (33-54) years and
327 269 patients (62.8%) were female (Table). Covariates were
well-balanced before propensity score matching, with sev-
eral exceptions. Compared with amoxicillin, patients treated
with amoxicillin-clavulanate were more frequently from
the West (10.8% vs 7.6%) and less frequently from the South

(49.1% vs 55.3%) US Census Regions, were more likely to be
treated concurrently with oral corticosteroids (15.1% vs 11.7%),
were more likely to have had previous amoxicillin-
clavulanate exposure (15.3% vs 10.5%) and less likely to have
had previous amoxicillin exposure (12.6% vs 17.5%), and tended
to have a higher copayment on the date of antibiotic dispen-
sation (median of $5.00 vs $2.20) (eTable 7 in Supplement 1).
Additionally, treatment with a 7-day supply was more fre-
quent and treatment (31.3% vs 18.0%) with a 10-day supply was
less frequent (66.3% vs 79.5%) among patients treated with
amoxicillin-clavulanate. Patients were rarely treated with a
5-day supply (2.4% vs 2.5%). After propensity score matching,

Figure 1. Flow Diagram of Patient Cohort in a Study of Adults With Acute Sinusitis, 2018-2023

371 Did not begin follow-up

94 864 Excluded due to concurrent infections or immunizations
31 071 Streptococcal pharyngitis
21 028 Acute otitis media
16 683 Bronchitis
14 917 COVID-19 within 7 d

6374 Immunization on cohort entry
3222 Influenza within 7 d

742 Urinary tract infection
616 Cellulitis/abscess
211 Community-acquired pneumonia

149 561 Excluded due to complicated sinus disease
108 611 Chronic sinusitis

26 285 Structural nasal or sinus disease
14 516 Recurrent sinusitis

112 Cystic fibrosis
31 Situs inversus

5 Sinus surgery
1 Fungal rhinosinusitis

125 351 971 Excluded
117 090 560 Did not take standard-dose amoxicillin-

clavulanate or amoxicillin for 5, 7, or 10 d
4 855 517 No office encounter for acute sinusitis
2 237 275 Less than 1 y of insurance enrollment

791 682 Used any systemic antibiotic in prior 30 d
190 930 More than 1 antibiotic dispensation on cohort entry

77 373 CPT codes for telehealth, urgent care, or ED visit
68 201 Aged younger than 18 y
35 245 Aged older than 64 y

4243 Acute sinusitis diagnosis in prior 30 d
945 Hospitalization in prior 30 d

521 244 Final cohort

521 615 Without concurrent infection or immunization

616 479 Without complicated sinus disease

766 040 Adults with new outpatient acute sinusitis treated
with amoxicillin-clavulanate or amoxicillin

126 118 011 Records screened

117 304 Propensity score–matched 117 304 Propensity score–matched

403 276 Dispensed standard-dose
amoxicillin-clavulanate

117 968 Dispensed standard-dose
amoxicillin

CPT indicates Current Procedural
Terminology; ED, emergency
department.
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all covariates achieved balance between exposure groups
(Table) (eTable 7 and eFigure 2 in Supplement 1).

Risk of Treatment Failure
After propensity score matching, treatment failure occurred
in 3541 patients (3.0%) treated with amoxicillin-clavulanate
and 3674 patients (3.1%) treated with amoxicillin (RR, 0.96

[95% CI, 0.92-1.01]) (Figures 2 and 3) (eTables 8 and 9 in
Supplement 1). The most frequent reason for treatment
failure was dispensation of a different antibiotic without an
outpatient encounter, which occurred in 2582 patients
(2.2%) treated with amoxicillin-clavulanate and 2377
patients (2.0%) treated with amoxicillin (RR, 1.09 [95% CI,
1.03-1.15]). Azithromycin was the most frequently dispensed

Table. Baseline Demographic and Clinical Characteristics of the Study Cohort by Sinusitis Treatment

Characteristic

Unadjusted, No. (%)a Propensity score–matched, No. (%)a

Amoxicillin-clavulanate
(n = 403 276)

Amoxicillin
(n = 117 968) ASD

Amoxicillin-clavulanate
(n = 117 304)

Amoxicillin
(n = 117 304) ASD

Demographicsb

Age, median (IQR), y 44 (33-54) 43 (31-54) 0.10 43 (31-53) 43 (31-54) 0.01

18-44 204 339 (50.7) 63 426 (53.8) 0.06 63 065 (53.8) 62 884 (53.6) 0

45-64 198 937 (49.3) 54 542 (46.2) 0.06 54 239 (46.2) 54 420 (46.4) 0

Sex

Female 250 025 (62.0) 77 244 (65.5) 0.07 77 104 (65.7) 76 676 (65.4) 0.01

Male 153 251 (38.0) 40 724 (34.5) 0.07 40 200 (34.3) 40 628 (34.6) 0.01

Medical historyc

Hypertension 97 900 (24.3) 28 524 (24.2) 0 28 618 (24.4) 28 422 (24.2) 0

Obesity 80 428 (19.9) 23 512 (19.9) 0 23 649 (20.2) 23 411 (20.0) 0.01

Generalized anxiety disorder 74 654 (18.5) 21 732 (18.4) 0 21 905 (18.7) 21 594 (18.4) 0.01

Allergic rhinitis 57 139 (14.2) 17 388 (14.7) 0.02 17 705 (15.1) 17 232 (14.7) 0.01

Type 2 diabetes 38 693 (9.6) 10 763 (9.1) 0.02 10 891 (9.3) 10 729 (9.1) 0.01

Immunodeficiency 27 958 (6.9) 7589 (6.4) 0.02 7582 (6.5) 7561 (6.4) 0

Smoking 27 842 (6.9) 7578 (6.4) 0.02 7509 (6.4) 7559 (6.4) 0

Medications

Oral corticosteroids,
concurrentb

60 996 (15.1) 13 859 (11.7) 0.10 13 825 (11.8) 13 852 (11.8) 0

Nasal corticosteroidsd 59 514 (14.8) 15 458 (13.1) 0.05 15 431 (13.2) 15 418 (13.1) 0

Influenza vaccinee 78 035 (19.4) 23 092 (19.6) 0.01 23 056 (19.7) 22 928 (19.5) 0

No. of prior amoxicillin
coursesf

0 352 526 (87.4) 97 269 (82.5) 0.14 96 313 (82.1) 97 148 (82.8) 0.02

1 41 886 (10.4) 16 595 (14.1) 0.11 16 868 (14.4) 16 274 (13.9) 0.02

≥2 8864 (2.2) 4104 (3.5) 0.08 4123 (3.5) 3882 (3.3) 0.01

No. of prior amoxicillin-
clavulanate coursesf

0 341 668 (84.7) 105 572 (89.5) 0.14 104 787 (89.3) 104 910 (89.4) 0

1 51 307 (12.7) 10 789 (9.1) 0.12 10 805 (9.2) 10 787 (9.2) 0

≥2 10 301 (2.6) 1607 (1.4) 0.09 1712 (1.5) 1607 (1.4) 0.01

Treatment characteristicsb

Days’ supply of initial
antibiotic dispensation

10 267 407 (66.3) 93 728 (79.5) 0.30 93 195 (79.4) 93 070 (79.3) 0

7 126 147 (31.3) 21 282 (18.0) 0.31 21 147 (18.0) 21 281 (18.1) 0

5 9722 (2.4) 2958 (2.5) 0.01 2962 (2.5) 2953 (2.5) 0

Practice continuity

Established patient 336 972 (83.6) 100 629 (85.3) 0.05 100 358 (85.6) 99 992 (85.2) 0.01

New patient 64 972 (16.1) 16 975 (14.4) 0.05 16 562 (14.1) 16 952 (14.5) 0.01

Unknown 1332 (0.3) 364 (0.3) 0 384 (0.3) 360 (0.3) 0

Abbreviation: ASD, absolute standardized difference.
a Unless otherwise noted.
b Assessed on cohort entry.
c Assessed using all data available for the duration of each patient’s enrollment

period.

d Assessed from 30 days prior to and including date of cohort entry.
e Assessed from 365 days prior to and including date of cohort entry.
f Assessed from 365 to 31 days prior to date of cohort entry.
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new antibiotic in both groups, followed by doxycycline
among patients treated with amoxicillin-clavulanate and
amoxicillin-clavulanate among patients treated with amoxi-
cillin (eFigure 3 in Supplement 1). The second-most frequent
reason for treatment failure was a return outpatient encoun-
ter with a new antibiotic dispensation, which occurred in
962 patients (0.8%) treated with amoxicillin-clavulanate
and 1316 patients (1.1%) treated with amoxicillin (RR, 0.73
[95% CI, 0.67-0.79]). At return visits, patients treated with
amoxicillin-clavulanate most often switched to doxycycline,
while patients treated with amoxicillin most often switched
to amoxicillin-clavulanate (eFigure 4 in Supplement 1).
Treatment failure resulting in an emergency department
encounter occurred in 41 patients (0.035%) treated with
amoxicillin-clavulanate and 26 patients (0.022%) treated
with amoxicillin (RR, 1.58 [95% CI, 0.96-2.58]). No treatment
failure events were due to an inpatient encounter, with
sinusitis as the principal diagnosis. There were 3 patients
(0.003%) treated with amoxicillin-clavulanate and 1 patient
(0.001%) treated with amoxicillin who had an inpatient
encounter for a complication of sinusitis. This included 3
patients with bacterial meningitis and 1 patient with perior-
bital cellulitis with eyelid abscess.

Risk of Antibiotic-Associated Adverse Events
and Secondary Infections
The risk of antibiotic-associated adverse events was similar
among patients treated with amoxicillin-clavulanate (1522
[1.3%]) and patients treated with amoxicillin (1464 [1.2%]),
corresponding to an RR of 1.04 (95% CI, 0.97-1.12) (Figures 3
and 4). The most frequent antibiotic-associated adverse
events were gastrointestinal symptoms, occurring in 1092
patients (0.9%) treated with amoxicillin-clavulanate and
1049 patients (0.9%) treated with amoxicillin (RR, 1.04
[95% CI, 0.96-1.13]). Secondary infections were more fre-
quent among patients treated with amoxicillin-clavulanate
(1349 [1.2%]) than patients treated with amoxicillin (950
[0.8%]; RR, 1.42 [95% CI, 1.31-1.54]) (Figure 4) (eTable 10 in
Supplement 1).42 The most frequent adverse event was
yeast infections, occurring in 1303 patients (1.1%) treated
with amoxicillin-clavulanate and 928 patients (0.8%)
treated with amoxicillin (RR, 1.40 [95% CI, 1.29-1.53]). C dif-
ficile infections were more frequent among patients treated
with amoxicillin-clavulanate (47 [0.04%]) than patients
treated with amoxicillin (22 [0.02%]; RR, 2.14 [95% CI, 1.29-
3.54]), although the absolute risk difference was small
(0.02% [95% CI, 0.01%-0.04%]).

Figure 2. Forest Plot of Treatment Failure Before and After Propensity Score Matching

Favors
amoxicillin-
clavulanate

Favors
amoxicillin
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Risk ratio (95% CI)

No./total No. (%)
Amoxicillin-
clavulanate AmoxicillinOutcome

Treatment failure (primary outcome)a

Component treatment failure outcomes

Risk ratio (95% CI)
Difference, %
(95% CI)

12 197/403 276 (3.0) 3702/117 968 (3.1)Unadjusted 0.96 (0.93 to 1.00)–0.11 (–0.23 to 0)

3541/117 304 (3.0) 3674/117 304 (3.1)Propensity score–matched 0.96 (0.92 to 1.01)–0.11 (–0.25 to 0.03)

Antibiotic without same-day encounter

8662/403 276 (2.1) 2397/117 968 (2.0)Unadjusted 1.06 (1.01 to 1.11)0.12 (0.02 to 0.21)

2582/117 304 (2.2) 2377/117 304 (2.0)Propensity score–matched 1.09 (1.03 to 1.15)0.18 (0.06 to 0.30)

Antibiotic with same-day acute sinusitis encounter

3550/403 276 (0.9) 1325/117 968 (1.1)Unadjusted 0.78 (0.74 to 0.83)–0.24 (–0.31 to –0.18)

962/117 304 (0.8) 1316/117 304 (1.1)Propensity score–matched 0.73 (0.67 to 0.79)–0.30 (–0.38 to –0.22)

Acute sinusitis ED encounter

126/403 276 (<0.1) 26/117 968 (<0.1)Unadjusted 1.42 (0.93 to 2.16)0.01 (0 to 0.02)

41/117 304 (<0.1) 26/117 304 (<0.1)Propensity score–matched 1.58 (0.96 to 2.58)0.01 (0 to 0.03)

Acute sinusitis inpatient encounter

1/403 276 (<0.1) 0/117 968Unadjusted NA0

0/117 304 (0) 0/117 304Propensity score–matched NANA

Acute sinusitis complication inpatient encounter

7/403 276 (<0.1) 1/117 968 (<0.1)Unadjusted 2.05 (0.25 to 16.64)0

3/117 304 (<0.1) 1/117 304 (<0.1)Propensity score–matched 3.00 (0.31 to 28.84)0 (0 to  0.01)

aTreatment failure was the first occurrence of any of the component outcomes:
a new antibiotic dispensation, different from the index antibiotic, in the absence
of an outpatient encounter (eg, a prescription called in after an unbilled phone
encounter); a new antibiotic dispensation, different from the index antibiotic,
with a same-day outpatient encounter for acute sinusitis; an ED encounter for
acute sinusitis; an inpatient encounter for acute sinusitis; or an inpatient
encounter for a complication of sinusitis. To attempt to capture treatment

failure due to inadequate clinical response (rather than antibiotic-associated
adverse events), the following was required as part of the outcome definitions:
no documentation of an alternative bacterial infection or chronic sinusitis
diagnosis between treatment start and the outcome and, for outpatient and ED
outcome components only, no antibiotic-associated adverse events on the day
of the outcome. ED indicates emergency department; NA, not applicable.
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Figure 3. Cumulative Incidence Curve of Treatment Failure and Adverse Events After Propensity Score Matching
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A, Treatment failure was first occurrence of new antibiotic dispensation,
different from index, with no outpatient encounter (eg, prescription after
unbilled phone encounter) (B); new antibiotic dispensation, different from
index, with same-day outpatient encounter for acute sinusitis (C); emergency
department encounter for acute sinusitis; inpatient encounter for acute
sinusitis; or inpatient encounter for complication of sinusitis. To capture
treatment failure due to inadequate clinical response (vs antibiotic-associated
adverse events), the following was required: no documentation of alternative

bacterial infection or chronic sinusitis between treatment start and outcome
and, for outpatient and emergency department outcomes, no
antibiotic-associated adverse events on day of outcome. D, Antibiotic-
associated adverse events, first occurrence of gastrointestinal symptoms, skin
and hypersensitivity reactions, antibiotic-associated event International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision
codes, and acute kidney injury, through 14 days. E, Secondary infections, first
occurrence of yeast or Clostridioides difficile infection, through 90 days.
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Subgroup Analyses
In age-stratified subgroups, there was a lower risk of treat-
ment failure with amoxicillin-clavulanate among patients aged
18 to 44 years compared with amoxicillin (RR, 0.90 [95% CI,
0.84-0.96]). However, the absolute risk difference was small
(−0.27% [95% CI, −0.45% to −0.10%]), with 365 patients
needed to treat with amoxicillin-clavulanate to prevent 1 treat-
ment failure with amoxicillin (Figure 5) (eTable 11 in Supple-
ment 1). There was no observed difference in treatment fail-
ure risk among patients aged 45 to 64 years (RR, 1.03 [95% CI,
0.97-1.10]), in female (RR, 0.99 [95% CI, 0.94-1.05]) or male
(RR, 0.94 [95% CI, 0.86-1.02]) patients, and in patients who

were immunocompromised (RR, 0.96 [95% CI, 0.82-1.13]) or
those who were not immunocompromised (RR, 0.96 [95% CI,
0.91-1.01]) (see eTable 6 in Supplement 1 for immunodefi-
ciency definition). There was also no difference based on
amoxicillin dosing strategy for 875 mg twice daily (RR, 0.97
[95% CI, 0.92-1.03]) and 500 mg 3 times daily (RR, 0.93 [95%
CI, 0.85-1.03]).

Sensitivity Analyses and Negative Control Outcomes
The primary results were not sensitive to extending the
antibiotic exclusion period to 90 days (RR, 0.97 [95% CI,
0.93-1.02]) or 180 days (RR, 0.98 [95% CI, 0.93-1.04]), nor to

Figure 4. Forest Plot of Antibiotic-Associated Adverse Events and Secondary Infections Before and After Propensity Score Matching

0.2 0.5 41 2
Risk ratio (95% CI)

No./total No. (%)
Amoxicillin-
clavulanate AmoxicillinOutcome

Overall

Antibiotic-associated adverse eventsa

Component outcomes

Risk ratio (95% CI)
Difference, %
(95% CI)

Gastrointestinal symptomsb

Skin reactionsc

Hypersensitivity reactionsd

Secondary infectionsf

Overall

Yeast infection

Clostridioides difficile infection

Antibiotic adverse event codee

Acute kidney injury

Favors
amoxicillin-
clavulanate

Favors
amoxicillin

1522/117 304 (1.3) 1464/117 304 (1.2)Propensity score–matched 1.04 (0.97 to 1.12)0.05 (–0.04 to 0.14)

5271/403 276 (1.3) 1472/117 968 (1.2)Unadjusted 1.05 (0.99 to 1.11)0.06 (–0.01 to 0.13)

3867/403 276 (1.0) 1055/117 968 (0.9)Unadjusted 1.07 (1.00 to 1.15)0.07 (0 to 0.13)

1092/117 304 (0.9) 1049/117 304 (0.9)Propensity score–matched 1.04 (0.96 to 1.13)0.04 (–0.04 to 0.11)

1005/403 276 (0.2) 310/117 968 (0.3)Unadjusted 0.95 (0.83 to 1.08)–0.01 (–0.05 to 0.02)

307/117 304 (0.3) 308/117 304 (0.3)Propensity score–matched 1.00 (0.85 to 1.17)0 (–0.04 to 0.04)

332/403 276 (0.1) 96/118 037 (0.1)Unadjusted 1.01 (0.81 to 1.27)0 (–0.02 to 0.02)

96/117 375 (0.1) 96/117 375 (0.1)Propensity score–matched 1.00 (0.75 to 1.33)0 (–0.02 to 0.02)

4157/403 276 (1.0) 965/117 968 (0.8)Unadjusted 1.26 (1.18 to 1.35)0.21 (0.15 to 0.27)

1349/117304 (1.2) 950/117 304 (0.8)Propensity score–matched 1.42 (1.31 to 1.54)0.34 (0.26 to 0.42)

3964/403 276 (1.0) 943/117 968 (0.8)Unadjusted 1.23 (1.15 to 1.32)0.18 (0.12 to 0.25)

1303/117 304 (1.1) 928/117 304 (0.8)Propensity score–matched 1.40 (1.29 to 1.53)0.32 (0.24 to 0.40)

198/403 276 (<0.1) 22/117 968 (<0.1)Unadjusted 2.63 (1.69 to 4.09)0.03 (0.02 to 0.04)

47/117 304 (<0.1) 22/117 304 (<0.1)Propensity score–matched 2.14 (1.29 to 3.54)0.02 (0.01 to 0.04)

304/403 276 (0.1) 92/117 968 (0.1)Unadjusted 0.97 (0.77 to 1.22)0 (–0.02 to 0.02)

106/117 304 (0.1) 92/117 304 (0.1)Propensity score–matched 1.15 (0.87 to 1.52)0.01 (–0.01 to 0.04)

99/403 276 (<0.1) 19/117 968 (<0.1)Unadjusted 1.52 (0.93 to 2.49)0.01 (0 to 0.02)

23/117 304 (<0.1) 19/117 304 (<0.1)Propensity score–matched 1.21 (0.66 to 2.22)0 (–0.01 to 0.01)

Treatment-related adverse events and secondary infections were assessed as
secondary outcomes.
aMeasured from day 1 to day 14 after treatment initiation.
bFirst occurrence of nausea or vomiting, abdominal pain, or non–Clostridioides
difficile diarrhea.
cFirst occurrence of skin rash, Stevens-Johnson syndrome, toxic epidermal
necrolysis, or urticaria.
dFirst occurrence of anaphylaxis, laryngeal edema, angioedema, unspecified

allergy, or urticaria. Anaphylaxis, laryngeal edema, and angioedema were
measured from day 0 to day 2 after treatment initiation, while unspecified
allergy and urticaria were measured from day 1 to day 14 after treatment
initiation.
eAntibiotic-associated adverse event International Statistical Classification of
Diseases and Related Health Problems, Tenth Edition codes.
fMeasured from day 1 to day 90 after treatment initiation.
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changing the outcome definition to include ICD-10 diagnos-
tic codes for recurrent sinusitis (RR, 0.96 [95% CI, 0.92-
1.00]) (Figure 5) (eTable 12 in Supplement 1). Extending the
outcome window to 30 days after treatment initiation
revealed no difference between groups (RR, 0.98 [95% CI,
0.95-1.02]). Compared with amoxicillin, amoxicillin-
clavulanate had similar risks of all negative control out-
comes after propensity score matching, including outpa-
tient encounters for hemorrhoids (RR, 1.07 [95% CI, 0.98-
1.17]), ingrown or fungal nails (RR, 0.99 [95% CI, 0.89-
1.09]), tendinitis (RR, 1.05 [95% CI, 0.92-1.20]), and wart
removal (RR, 1.05 [95% CI, 0.92-1.20]) (Figure 5) (eTable 13
in Supplement 1).

Discussion
In this nationwide retrospective cohort study of more than
half a million US adults with acute sinusitis treated with
standard doses of amoxicillin-clavulanate or amoxicillin,
there was no observed difference in risk of treatment failure
between groups; treatment failure characterized by an

emergency department or inpatient encounter was rare.
There was no difference in the risk of antibiotic-associated
adverse events between treatment groups, although the risk
of secondary infections was higher among patients dis-
pensed amoxicillin-clavulanate.

Treatment failure was most frequently determined by a
new antibiotic dispensation without a billed encounter, sug-
gesting a patient may have called into the office to report per-
sistent symptoms or intolerant adverse effects that resulted
in a new prescription. The second-most frequent reason for
treatment failure was an outpatient encounter for acute
sinusitis with an antibiotic switch, which was less frequent
among patients treated with amoxicillin-clavulanate,
although the overall rare occurrence of this outcome meant
that 331 patients would need to be treated with amoxicillin-
clavulanate to prevent 1 patient treated with amoxicillin from
returning to the clinic for a new antibiotic prescription. In the
context of the association between broader-spectrum antibi-
otics and an increased risk of antimicrobial resistance, these
findings do not support a clear preference for amoxicillin-
clavulanate as first-line treatment, recommended by the
Infectious Diseases Society of America guidelines.4,43

Figure 5. Forest Plot of Subgroup Analyses, Sensitivity Analyses, and Negative Control Outcome Analyses After Propensity Score Matching

Favors
amoxicillin-
clavulanate

Favors
amoxicillin

0.2 0.5 41 2
Risk ratio (95% CI)

No./total No. (%)
Amoxicillin-
clavulanate AmoxicillinOutcome

Subgroup analyses

Risk ratio (95% CI)
Difference, %
(95% CI)

Age, y

1564/62 832 (2.5) 1736/62 832 (2.8)18-44 0.90 (0.84 to 0.96)–0.27 (–0.45 to –0.10)

Sensitivity analyses

5904/117 304 (5.0) 6014/117 304 (5.1)30-d Outcome windowb 0.98 (0.95 to 1.02)–0.09 (–0.27 to 0.08)

3645/117 304 (3.1) 3806/117 304 (3.2)Inclusion of recurrent sinusitis in outcomec 0.96 (0.92 to 1.00)–0.14 (–0.28 to 0)
3058/103 618 (3.0) 3141/103 618 (3.0)90-d Antibiotic exclusiond 0.97 (0.93 to 1.02)–0.08 (–0.23 to 0.07)

2427/85 402 (2.8) 2468/85 402 (2.9)180-d Antibiotic exclusione 0.98 (0.93 to 1.04)–0.05 (–0.21 to 0.11)

Negative control outcomesf

966/117 304 (0.8) 902/117 304 (0.8)Hemorrhoids 1.07 (0.98 to 1.17)0.06 (–0.02 to 0.13)

760/117 304 (0.6) 769/117 304 (0.7)Ingrown or fungal nail 0.99 (0.89 to 1.09)–0.01 (–0.07 to 0.06)
437/117 304 (0.4) 415/117 304 (0.4)Tendonitis 1.05 (0.92 to 1.20)0.02 (–0.03 to 0.07)

418/117 304 (0.4) 398/117 304 (0.3)Wart removal 1.05 (0.92 to 1.20)0.02 (–0.03 to 0.07)

2006/54 401 (3.7) 1939/54 401 (3.6)45-64 1.03 (0.97 to 1.10)0.12 (–0.10 to 0.35)

Sex

2552/76 731 (3.3) 2573/76 731 (3.4)Female 0.99 (0.94 to 1.05)–0.03 (–0.21 to 0.15)

1037/40 580 (2.6) 1104/40 580 (2.7)Male 0.94 (0.86 to 1.02)–0.17 (–0.39 to 0.06)
Immune status

3239/109 710 (3.0) 3375/109 710 (3.1)Immunocompetent 0.96 (0.91 to 1.01)–0.12 (–0.27 to 0.02)

289/7563 (3.8) 301/7563 (4.0)Immunocompromised 0.96 (0.82 to 1.13)–0.16 (–0.78 to 0.46)

Amoxicillin dosinga

2752/91 628 (3.0) 2823/91 628 (3.1)875 mg twice daily 0.97 (0.92 to 1.03)–0.08 (–0.24 to 0.08)

808/25 938 (3.1) 865/25 938 (3.3)500 mg 3 times daily 0.93 (0.85 to 1.03)–0.22 (–0.52 to 0.08)

aAmoxicillin group restricted to the indicated dosing strategy. The
amoxicillin-clavulanate group was unchanged from primary analysis.
bAssessed 1 to 30 days after treatment initiation.
cIncludes International Statistical Classification of Diseases and Related Health
Problems, Tenth Edition J01.×1 codes in outcome definition, along with J01.×0
codes of primary outcome definition.

dExtended antibiotic washout period from 30 days prior to treatment initiation
of primary analysis to 90 days.
eExtended antibiotic washout period from 30 days prior to treatment initiation
of primary analysis to 180 days.
fAssessed 1 to 90 days after treatment initiation.
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The American Academy of Otolaryngology–Head and
Neck Surgery guidelines state that several conditions may
benefit from amoxicillin-clavulanate rather than amoxicil-
lin, including immunocompromised status. There was no
difference in treatment failure risk among immunocompro-
mised patients without a recent history of taking antibiotics
or hospitalization.5

This study has several strengths. To the study investi-
gators’ knowledge, this is the largest study to compare
amoxicillin-clavulanate with amoxicillin for the treatment of
acute sinusitis and the first study of adults to include outpa-
tient encounters, the most frequent setting where acute si-
nusitis is diagnosed. The findings are consistent with recent
studies that compared amoxicillin-clavulanate with amoxi-
cillin for acute sinusitis in children in the outpatient setting
and in Veterans Health Administration emergency depart-
ment and urgent care settings.10,17 The large cohort size facili-
tated precise estimation of rare outcomes and included a range
of geographic areas, reflecting a spectrum of prevalence of
antimicrobial-resistant organisms. This study captured anti-
biotic dose alongside duration, enabling the comparison of
standard-dose approaches to identify the preferred empiric
treatment for uncomplicated acute sinusitis.

Limitations
This study has limitations. First, as with all nonrandomized
studies, there is the potential for residual confounding.
High-dimensional propensity score matching can mitigate
this potential somewhat through inclusion of measured
confounders that may have been missed in the a priori
selected covariates, along with inclusion of proxies for
unmeasured confounders. The high-dimensional propen-
sity score analysis was consistent with the primary analysis,
providing confidence in the validity of the findings. Second,
this study captured medication dispensation, but did not
evaluate medication adherence. However, treatment failure
arising from nonadherence (eg, due to medication intoler-
ance) is an important clinical factor captured in this study.
Third, clinical guidelines recommend saline irrigation and
corticosteroid nasal spray as adjunctive treatment, and
while prescription corticosteroid nasal spray was captured,
taking over-the-counter medication was not.4,5 However,
over-the-counter medications would only introduce bias if

independently associated with the exposure and outcome.
Negative control outcomes analyses suggest no difference in
health care–seeking behavior, which could imply no differ-
ence in taking symptom-oriented over-the-counter medica-
tion. Fourth, the study did not capture microbiologic data
and could not discern the etiology of acute sinusitis for each
patient, although clinicians seldom incorporate microbiol-
ogy data into the decision to treat or the choice of antibiotic.
Fifth, excluding recent hospitalizations and antibiotic expo-
sures likely led to conservative estimates of C difficile
and yeast infection risk. Sixth, the study was limited to
patients with commercial insurance. Although insurance
type or status would not be anticipated to impact antibiotic
effectiveness or adverse events, patients without insurance
may present later to care, affecting disease severity, and sur-
veillance rates for these outcomes may differ due to differ-
ential health care access, and thus absolute outcome risk
may differ in different populations.44 Seventh, information
on patient race and ethnicity and socioeconomic status
(apart from insurance plan type as a potential proxy) was
not available. Previous studies suggest these factors could
potentially be associated with the likelihood of receiving a
sinusitis diagnosis, receipt of broad- vs narrow-spectrum
antibiotics, and health care access. Although it would not be
expected that relative risks would vary across these factors,
future studies could examine whether absolute risks of
treatment failure and adverse events vary within groups
stratified by these factors.45,46

Conclusions
For adults with acute sinusitis treated with standard-dose
amoxicillin-clavulanate or standard-dose amoxicillin in the
outpatient setting, there was no difference in treatment fail-
ure and a slightly elevated risk of yeast and C difficile infec-
tions observed among patients treated with amoxicillin-
clavulanate. Treatment failure resulting in an emergency
department or inpatient encounter was rare. These findings
support standard-dose amoxicillin as a preferred empiric
treatment for adults with uncomplicated acute sinusitis
without recent antibiotic exposure when antibiotics are
indicated.
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