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Abstract

Purpose.—Acute uncomplicated urinary tract infections (UTIs) are among the most common
indications for antibiotic prescriptions in otherwise healthy women. We compared the risk of
treatment failure of antibiotic regimens for outpatient treatment of UTI in real-world practice.

Methods.—We identified non-pregnant, premenopausal women diagnosed with uncomplicated,
lower tract UTI and prescribed an oral antibiotic with activity against common uropathogens.
We used propensity score-weighted Kaplan-Meier functions to estimate 30-day risks and risk
differences (RD) for pyelonephritis and UTI-related antibiotic prescription switch.

Results.—Of 1,140,602 patients, the distribution of index prescriptions was 44%
fluoroquinolones (non-first-line), 28% trimethoprim-sulfamethoxazole (TMP/SMX) (first-line),
24% nitrofurantoin (first-line), 3% narrow-spectrum B-lactams (non-first-line), 1% broad-spectrum
B-lactams (non-first-line), and 1% amoxicillin/ampicillin (non-recommended). Compared to the
risk of pyelonephritis for nitrofurantoin (0.3%), risks were higher for TMP/SMX (RD, 0.2%; 95%
Cl, 0.2%-0.2%) and broad-spectrum pB-lactams (RD, 0.2%; 95% CI, 0.1%-0.4%). Compared to
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the risk of prescription switch for nitrofurantoin (12.7%), the risk was higher for TMP/SMX (RD
1.6%; 95% CI 1.3%-1.7%) but similar for broad-spectrum p-lactams (RD —-0.7%; 95% CI —1.4%-—
0.1%) and narrow-spectrum B-lactams (RD —0.3%; 95% CI —0.8%-0.2%). Subgroup analyses
suggest TMP/SMX treatment failure may be due in part to increasing uropathogen resistance over

time.

Conclusions.—The risk of treatment failure differed by antibiotic agent, with higher risk
associated with TMP/SMX versus nitrofurantoin, and lower or similar risk associated with broad-
versus narrow-spectrum B-lactams. Given serious safety warnings for fluoroquinolones, these
results suggest that nitrofurantoin may be preferable as the first-line agent for outpatient treatment
of uncomplicated UTI.
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INTRODUCTION

Acute uncomplicated urinary tract infections (UTIs) are one of the most common bacterial
infections and indications for antibiotic prescriptions in otherwise healthy women. UTIs
account for approximately 10.5 million ambulatory visits annually and are associated with
morbidity, reduced quality of life, lost time from work, and costs.! Uncomplicated UTI
symptoms usually resolve in three days, however, infections can progress to pyelonephritis,
bloodstream infection (BSI), and other severe complications in the absence of effective
therapy. Failure of antibiotic therapy for uncomplicated UTI is detrimental from a

public health perspective because subsequent antibiotic prescribing can lead to antibiotic
resistance,?3 drug-related adverse events,*~’ and increased healthcare costs.?

Clinical practice guidelines for the treatment of uncomplicated UTI in women recommend
several antibiotic regimens for empirical therapy.® The guidelines are based on efficacy

from randomized trials and prevalence of antibiotic resistance.® First-line therapies for
uncomplicated UT]I include nitrofurantoin, trimethoprim-sulfamethoxazole (TMP/SMX), if
local resistance rates of uropathogens do not exceed 20% or if the infecting strain is known
to be susceptible.910 Fluoroquinolones are also highly efficacious, but given high propensity
of bacteria to develop resistance and risk of serious adverse effects, fluoroquinolones should
only be considered as alternative antibiotics for uncomplicated UT1.911 B-Lactam agents
generally have inferior efficacy compared with fluoroquinolones, particularly amoxicillin
and ampicillin (AMX/AMP), and should be avoided given poor efficacy and high prevalence
of antibiotic resistance.?

Despite these recommendations, clinical equipoise exists among providers regarding the
selection of antibiotic therapy regimen for the treatment of uncomplicated UTI,9:10.12.13

as demonstrated by wide variation in prescribing practices.14-16 This equipoise is likely
due in part to limitations of previous studies including small sample sizes, heterogeneous
study populations, short follow-up duration, lack of head-to-head comparisons of antibiotic
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regimens, lack of subgroup analyses, and study periods that preceded increasing resistance
of uropathogens to antibiotic agents.17:18

Given the ubiquitous use of antibiotics to treat uncomplicated UTI and increases in the
prevalence of antibiotic resistance, robust epidemiologic evidence based on contemporary
real-world data in the US population is needed to guide optimal prescribing of antibiotics.
We sought to compare the risk of treatment failure of antibiotic regimens for the outpatient
treatment of uncomplicated UTI among premenopausal women. We further explored
whether associations varied across subgroups of age, calendar time, geographic region, and
initial laboratory testing.

METHODS

Data Source

We used the IBM® MarketScan® Commercial Database (2006—-2015), which contains
individual-level health insurance enrollment and billing information, including inpatient and
outpatient procedures and diagnoses, and outpatient pharmacy-dispensed medications for
millions of commercial insurance individuals across the U.S.19

Study Design and Population

We performed an active comparator, new-user cohort study.2% We identified women 18-

44 years coded in an outpatient setting for a lower tract UTI (i.e., cystitis, urinary tract
infection) (International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) diagnosis code 595.0, 595.9, 599.0) and prescribed an oral antibiotic on the day
of or after the UTI diagnosis from July 1, 2006 to June 30, 2015. The index date represented
the date of a filled prescription for an oral antibiotic with activity against common
uropathogens. The 180-day baseline period preceded the index date. Uncomplicated UTI
was defined in accordance with guidelines for treatment of uncomplicated UTI;® thus,
patients were excluded if they received diagnoses or prescription medications during
baseline for pregnancy, urinary comorbidities or abnormalities, pyelonephritis, diabetes,
systemic autoimmune conditions, spinal cord injuries, or hematologic or solid organ
malignancies (Table S1-3). We further excluded patients without continuous enrollment and
prescription drug coverage during baseline; hospitalized within 90 days prior to index date;
prescribed antibiotics or diagnosed with bacterial infection within 30 days prior to index
date (Table S4); prescribed multiple antibiotics, days’ supply of >10 days,® or non-standard
agents or doses (Table S5) on index date.

Exposure

We categorized UTI-related antibiotic agents as nitrofurantoin, TMP/SMX,
fluoroquinolones, broad-spectrum p-Lactam/B-Lactamase inhibitor combinations
(henceforth broad-spectrum p-Lactams), narrow-spectrum p-Lactam/p-Lactamase inhibitor
combinations (henceforth narrow-spectrum p-Lactams), and AMX/AMP (Table S5).°2
Fosfomycin and trimethoprim monotherapy were not included due to rare use in the

U.S (Figure S1). We further categorized agents as first-line; non-first-line; and non-
recommended agents.®
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Outcomes

Pyelonephritis, the primary outcome, was defined as the presence of any of the following
International Classification of Diseases, Ninth Revision, Clinical Madification (ICD-9-CM)
diagnosis codes: 590.10, 590.11, 590.2, 590.3, 590.80, 590.81, or 590.9.21 UTI-related
antibiotic switch, the secondary outcome, was defined as a filled pharmacy claim for a
different UTI-related antibiotic agent category as the index prescription; we did not require a
UTI diagnosis code since subsequent antibiotics are often prescribed over the phone without
assignment of a UTI diagnosis code. Pyelonephritis was directly related to treatment failure
due to ascending infection from the bladder to the kidney. UTI-related antibiotic switch

was a pragmatic measure of treatment failure reflecting a subsequent antibiotic prescription
due to absence of symptom resolution, antibiotic resistance, or medication intolerance /
adverse drug event. We examined two outcomes in sensitivity analyses: (1) pyelonephritis
and/or BSI 22 (Table S6); and (2) UTI-related antibiotic prescription switch/repeat, a broader
outcome definition allowing receipt of the same or different UTI-related antibiotic agent
category as the index prescription.

Follow-up

Follow-up for pyelonephritis and BSI started 3 days after the index prescription to allow

for diagnostic delay because pyelonephritis or BSI diagnosed within 3 days of the UTI
diagnosis was almost certainly present initially but not yet identified. Follow-up for
pyelonephritis and BSI ended 30 days following the index prescription. For all outcomes,
we performed intention-to-treat (first treatment carried forward) analyses where follow-up
ended at the earliest of: the outcome-specific follow-up period, health plan disenrollment,
or administrative end-of-study (September 30, 2015). For the subsequent antibiotic analysis,
patients were additionally censored for non-UT]I bacterial infections (Table S4), to account
for the possibility of an antibiotic prescribed for an indication other than UTI.

Covariates

We ascertained the following baseline covariates: age, month and year of prescription,
geographic region, provider specialty, initial receipt of urine testing, and comorbid
conditions defined using the Elixhauser classification.23

Statistical Analyses

We summarized the distribution of baseline covariates within each treatment group. To
examine the relationship between antibiotic agents and treatment failure outcomes, we used
Kaplan-Meier methods to estimate and plot daily cumulative risk since the start of therapy.
We calculated unadjusted and standardized mortality ratio (SMR)-weighted cumulative
risk and risk difference estimates. We computed 95% confidence intervals (Cls) using
non-parametric bootstrap sampling with replacement (N=500 samples). SMR weights were
calculated from five separate propensity scores () using multivariable logistic regression,
where prepresented the probability that a patient initiated nitrofurantoin versus each of

the other antibiotic categories of interest, accounting for several baseline covariates. Age
was modeled using restricted cubic splines.2* SMR weights allowed us to standardize

the covariate distribution in each comparator cohort to that in the reference cohort (i.e.,
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nitrofurantoin).2> Therefore, under the assumption of no unmeasured confounding, our
treatment comparisons would be unconfounded with respect to their effect on the outcome.
We calculated and plotted the absolute standardized mean differences of baseline covariates
in the unweighted and SMR-weighted populations to determine whether weighting the
population reduced imbalances of observed covariates and made the treatment groups more
exchangeable.26

We conducted subgroup analyses of treatment failure outcomes by age, geographic region,
year, and initial laboratory testing. We performed sensitivity analyses excluding UTI patients
with high severity of illness, defined by proxy of kidney imaging to rule-out pyelonephritis
at UTI diagnosis (Table S7); because the inclusion of patients suspected but not coded for
pyelonephritis at UTI diagnosis could potentially bias the results. We performed sensitivity
analyses for the pyelonephritis analysis, which additionally censored for BSI to account

for the possibility that pyelonephritis was related to the BSI rather than the UTI. We
performed as-treated analyses for the pyelonephritis and BSI outcomes, which additionally
censored follow-up for a new prescription for a different UTI-related antibiotic than the
index prescription.

RESULTS

We identified 1,140,602 eligible women who met study eligibility criteria (Figure S1). The
majority of women initiated fluoroguinolones (44%), nitrofurantoin (24%), or TMP/SMX
(28%). We observed differences between treatment groups by age, year, geographic region,
provider type, and laboratory testing at diagnosis (Table 1, Table S8, Table S9 and Figure
S2). Nitrofurantoin initiators were more likely to have OBGYN providers, TMP/SMX and
fluoroquinolone initiators were more likely to have family medicine/pediatrics providers,
and narrow-spectrum p-lactam initiators were more likely to have emergency medicine
providers. Nitrofurantoin and broad-spectrum p-lactam initiators were most likely to receive
urine culture at diagnosis. After SMR weighting, measured patient characteristics were
well-balanced between treatment groups (standardized mean differences < 0.10) (Figure
83).27

Risk of Pyelonephritis

The 30-day weighted risks for pyelonephritis ranged from 0.3% for nitrofurantoin to

0.5% for TMP/SMX or broad-spectrum -lactams (Table 2). Compared to nitrofurantoin,
the weighted 30-day risks were highest for TMP/SMX and broad-spectrum B-lactams,
corresponding to 2 more events per 1,000 patients (Table 3). Figure 1 presents the weighted
cumulative risk and risk difference curves for pyelonephritis. Among first-line regimens,
we observed higher risk of pyelonephritis for TMP/SMX versus nitrofurantoin throughout
the follow-up period, with the largest increase in risk during the first week. Among non-
first-line regimens, the daily risk of pyelonephritis was similar except the risk among
broad-spectrum p-lactam initiators continued to increase steeply after the first week.

In subgroup analyses, the associations between antibiotic agent and pyelonephritis varied by
age, year, region of residence, and type of initial laboratory testing (Table 3, Table S10).

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Butler et al.

Page 6

Compared to nitrofurantoin, the risk of pyelonephritis was elevated for all subgroups of
TMP/SMX initiators and some subgroups of non-first line fluoroquinolone initiators.

Results of sensitivity analyses were consistent with primary findings. These sensitivity
analyses included: broadening the pyelonephritis outcome to a composite outcome of
pyelonephritis and/or BSI (Table S11); excluding 24,963 (2.2%) patients who received
kidney imaging at UTI diagnosis (Table S12); and censoring the pyelonephritis analysis for
BSI (Table S13). As-treated analyses for both pyelonephritis outcomes (i.e., including and
excluding BSI) revealed similar results as the primary intention-to-treat analysis, except for
broad-spectrum p-lactams compared to nitrofurantoin where the risk difference remained
constant (0.2) but the 95% CI limits shifted slightly down and toward the null (95% CI
0.0-0.3) (Table S14).

Risk of Antibiotic Prescription Switch

The 30-day weighted risks for prescription switch ranged from 12.7% (nitrofurantoin) to
14.2% (TMP/SMX) for first-line agents, 8.3% (fluoroquinolone) to 12.4% (narrow-spectrum
B-lactam) for non-first-line agents, and 16.3% (AMP/AMX) for non-recommended agents
(Table 2). Compared to nitrofurantoin, we observed higher 30-day risks of prescription
switch, with risk difference estimates ranging from 1.6% (TMP/SMX) to 3.6% (AMP/
AMX), corresponding to 16 to 36 more prescription switches per 1,000 patients (Table

4). Conversely, we observed a 4.4% lower risk of prescription switch for fluoroquinolones
vs. nitrofurantoin, corresponding to 44 less prescription switches per 1,000 patients treated
over the 30-day follow-up period (Table 4). Figure 2 presents the weighted cumulative

risk and risk difference curves for prescription switch. Among first-line regimens, we
observed higher risk of prescription switch for TMP/SMX versus nitrofurantoin throughout
the follow-up period, due to a steeper risk in the first week. Among non-first-line regimens,
we observed similar risk of prescription switch for broad- and narrow-spectrum p-lactams
throughout most of the 30-day follow-up period; however, the risk of prescription switch for
fluoroquinolones remained substantially lower throughout follow-up.

In subgroup analyses, the associations between antibiotic agent and prescription switch
varied by age, year, region of residence, and type of initial laboratory testing (Table 4 and
Table S15). Compared to nitrofurantoin, the 30-day risk of prescription switch was higher
in all subgroups of TMP/SMX, lower in all subgroups of fluoroquinolones, similar in most
subgroups of broad- or narrow-spectrum pB-lactam, and higher in most subgroups of AMX/
AMP.

Results of sensitivity analyses were consistent with primary findings. These sensitivity
analyses included using the broader outcome definition of prescription switch/repeat (Table
S11 and Table S16) and excluding patients who received kidney imaging at UTI diagnosis
(Table S12). Regardless of index antibiotic, the largest proportion of subsequent antibiotic
prescriptions were fluoroquinolones, followed by nitrofurantoin, and TMP/SMX (Figure
S4).
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DISCUSSION

In this active comparator, new-user study conducted in a commercially-insured U.S.
population of non-pregnant, premenopausal women with uncomplicated UTI, we observed
30-day risks of treatment failure outcomes which varied by antibiotic agent. The risk of
treatment failure differed between first-line agents, with TMP/SMX associated with higher
30-day risk of pyelonephritis or prescription switch compared to nitrofurantoin. Although
the differences in 30-day risk of pyelonephritis were small in magnitude and residual
confounding cannot be ruled out, this finding warrants attention due to very high annual
prescribing of antibiotic therapy for uncomplicated UTI. As expected from guidelines,

the risk of treatment failure was low among fluoroquinolone initiators and high among
AMP/AMX initiators. Among non-first-line agents, broad-spectrum p-lactams were not
associated with better outcomes than narrow-spectrum p-lactams.

The observed differences in treatment failure by antibiotic agent raise concerns about
guideline recommendations for TMP/SMX as a first-line therapy for uncomplicated UTI
in outpatient settings.® Our subgroup analyses demonstrate higher TMP/SMX treatment
failure in recent years, possibly due in part to increasing uropathogen resistance over
time. Among TMP/SMX initiators, prescription switch was more likely for recipients of
urine culture, presumably in response to confirmation of TMP/SMX resistance. Although
guidelines recommend avoidance of TMP/SMX when local resistance rates exceed 20%,
local data on uropathogen resistance is typically unavailable.® Separately, TMP/SMX has a
relatively poor drug tolerability and safety profile.28 Adverse effects (e.g., gastrointestinal
disturbances, allergic skin reactions) are usually managed by drug discontinuation, which
may decrease effectiveness and lead to subsequent prescriptions with alternative agents.2°

Our results confirm that fluoroguinolones are highly efficacious, but the U.S. Food and Drug
Administration reserves these agents for important uses other than uncomplicated UTI, as
the risk of serious side effects (e.g., aortic aneurysm, aortic dissection, retinal detachment,
tendon rupture, peripheral neuropathy, central nervous system effects) generally outweighs
the benefits.1! Yet, in this study, fluoroquinolones remained the most commonly prescribed
agent each year, as we have previously reported.14

Our study contributes to a small but emerging body of evidence demonstrating no difference
in treatment failure outcomes between broad- and narrow-spectrum p-lactams. 3031
Although broad-spectrum p-lactams cover a wider spectrum of pathogens, they are
disadvantageous due to selection for and spread of resistance across multiple bacterial
species,32 and patients may disproportionately discontinue because of deleterious effects

on the host microbiome leading to adverse health effects (e.g., Clostridioides difficile
infection).4:5:33.34

Our study has some limitations. Given the nonrandomized nature of the exposure, the results
are subject to residual confounding, and should be interpreted with caution. Our study
employed an active comparator, new-user study design, which helped reduce measured and
unmeasured confounding by restricting the study population to women with the indication
for treatment and comparing commonly prescribed antibiotic therapies.2% We also attempted
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to reduce confounding by including a wide range of variables in our propensity score

model. However, there may be some uncontrolled differences between treatment groups
(e.g., unmeasured UTI severity). Despite these concerns, it is reassuring that sensitivity
analyses excluding UT]I patients with high severity of illness, as defined by proxy of kidney
imaging to rule-out pyelonephritis at UTI diagnosis, did not change conclusions. In addition,
crude and weighted analyses yielded similar results, indicating relatively little residual
confounding by measured covariates.

The interpretation of our results is limited by the validity of the antibiotic exposure
definition. A strength of our study was the use of pharmacy dispensing billing claims

-- considered the gold standard of prescription drug ascertainment versus self-report or
medical records -- because insurance reimbursement is based on complete and accurate
claims.35 However, the index antibiotic exposure could be misclassified if patients did not
initiate the antibiotic. Moreover, adherence may differ by antibiotic exposure category, with
possibly lower completion among therapies with poorer tolerability or longer regimens (e.g.,
7-day p-lactam versus 3-day fluoroquinolones). But, the effects of shorter course regimens
has recently been shown to be similar to recommended durations for several agents.36
Additionally, our findings were generally robust regardless of censoring for antibiotic
switching, indicating that these censoring events were not differentially associated with risk
of pyelonephritis.

Our study is also limited by the lack of information on results of urinalysis or urine culture
tests in the claims data; we were unable to confirm true bacterial UTI cases or account for
uropathogen susceptibility results in the analyses. Given the empiric nature of treatment, the
distribution of patients without true UTI cases (e.g., asymptomatic bacteriuria) is likely non-
differential with respect to antibiotic exposure; thus, any bias due to inappropriate inclusion
of these patients would be towards the null. In addition, our study does not account for local
antibiotic resistance. However, these results are useful for healthcare providers who likely
do not have access to local uropathogen susceptibility data. Also, our study was restricted
to clinician-observed outcomes, and did not capture patient-centered outcomes such as

pain or symptom resolution. Lastly, our study was conducted in a population of healthy
premenopausal, non-pregnant women identified from a database that oversamples residents
of the South and under-samples residents of the West. Thus, results may not generalize

to children, men, or women who are pregnant, post-menopausal, medically complex (e.g.,
diabetes, systemic autoimmune conditions, spinal cord injuries), or insured by Medicaid or
uninsured, and may not directly generalize to the U.S. commercially-insured population.

Among premenopausal women treated for uncomplicated UTI in the outpatient setting,

our results comparing first-line antibiotic agents suggest that TMP/SMX is associated with
higher risk of pyelonephritis and prescription switch compared to nitrofurantoin. Among
non-first-line therapies, broad-spectrum p-lactams were associated with a marginally higher
comparative risk of pyelonephritis but similar risk of a prescription switch than narrow-
spectrum B-lactams. Considering serious safety warnings for fluoroguinolones, these results
suggest that nitrofurantoin may be preferable as the first-line agent for outpatient treatment
of uncomplicated UTI. Our large national study provides valuable evidence regarding
antibiotic treatment failure outcomes in a real-world setting in which therapy is prescribed
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empirically despite escalating antibiotic resistance. Given the large magnitude and wide
variation in outpatient prescribing of antibiotics for uncomplicated UTI,2:14 our results can
be used to guide antimicrobial stewardship efforts3’ and appropriate selection of antibiotic
therapy, which is critical to optimize treatment of infections, decrease occurrence of drug-
related adverse events, and limit the spread of antibiotic resistance.
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Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

. The weighted risks of UTI-related treatment failure differed between first-line
agents, with higher 30-day risks of pyelonephritis or prescription switch
among TMP/SMX versus nitrofurantoin users. Broad-spectrum p-lactams
were not associated with better outcomes than narrow-spectrum B-lactams.

. Findings were similar in sensitivity analyses using broader outcome
definitions or excluding UTI cases with potentially higher severity of illness.

. Subgroup analyses suggested TMP/SMX treatment failure may be due to
increasing uropathogen resistance over time.

. Given serious safety warnings for fluoroquinolones, these results support
UTI treatment guidelines regarding nitrofurantoin as a first-line therapy, but
warrant reappraisal to consider reclassifying TMP/SMX as a non-first-line
therapy.
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FIGURE 1.

Risk of Pyelonephritis by Index Antibiotic Agent, IBM® MarketScan® Commercial
Database, 2006-2015. Cumulative risks and risk differences were estimated using

standardized mortality ratio- weighted Kaplan-Meier functions. 95% confidence intervals
were computed using a non-parametric bootstrap. Risk difference estimates greater than
zero indicate higher risk of pyelonephritis compared to nitrofurantoin (reference). Estimates

were adjusted for age, month, year, geographic region, provider type, drug or alcohol

abuse, deficiency anemias, chronic pulmonary disease, depression, psychoses, hypertension,

obesity, initial receipt of urinalysis, and initial receipt of urine culture.
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FIGURE 2.

Risk of Antibiotic Prescription Switch by Index Antibiotic Agent, IBM® MarketScan®
Commercial Database, 2006-2015. Cumulative risks and risk differences were estimated
using standardized mortality ratio- weighted Kaplan-Meier functions. 95% confidence
intervals were computed using a non-parametric bootstrap. Risk difference estimates greater
than zero indicate higher risk of prescription switch compared to nitrofurantoin (reference).
Estimates were adjusted for age, month, year, geographic region, provider type, drug

or alcohol abuse, deficiency anemias, chronic pulmonary disease, depression, psychoses,
hypertension, obesity, initial receipt of urinalysis, and initial receipt of urine culture.
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