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Abstract

Uncomplicated urinary tract infection (uUTI) management is increasingly challenging
due to antibiotic treatment failure (TF). This retrospective, observational cohort study
used Optum’s de-identified Electronic Health Record dataset (January 2017–September
2022) to investigate the impact of antibiotic TF (defined as a second oral antibiotic
prescription, administration of an intravenous antibiotic, or an emergency department
visit/hospitalization with a new primary diagnosis of urinary tract infection <28 days post
index) on clinical outcomes and healthcare resource utilization (HCRU) among women
with uUTI. Eligible patients were female, aged ≥12 years, with an outpatient diagnosis of
uUTI and one or more empirically prescribed oral antibiotics within ±5 days of diagnosis
(index). Adjusted risk ratios (aRR) of adverse clinical outcomes were assessed ≤12 months
post index (observation period), and rate ratios of all-cause and UTI-related HCRU during
the index episode and observation period were observed. Of 376,004 patients, 62,873
(16.7%) experienced TF, while 313,131 (83.3%) did not. Patients with TF had significantly
higher risk (aRR [95% CI]) of recurrent UTI (1.23 [1.21, 1.25]) and acute pyelonephritis (1.77
[1.70, 1.84]) (both p < 0.001) versus those without. Patients with TF had significantly greater
all-cause and UTI-related HCRU versus patients without. Overall, patients with TF had
significantly higher risk of adverse outcomes and greater HCRU than patients without TF.

Keywords: clinical outcomes; economic burden; healthcare resource utilization; antibiotic
treatment failure; uncomplicated urinary tract infection

1. Introduction
Uncomplicated urinary tract infections (uUTIs), predominantly caused by Escherichia

coli, are the most commonly diagnosed outpatient infections in women in the United
States (US), with >50% of women experiencing one or more episodes in their lifetime [1,2].
uUTIs are typically treated empirically with broad-spectrum antibiotics, which can lead
to suboptimal outcomes for patients, for example when an inappropriate antibiotic class
is prescribed [3–5]. The management of uUTIs is becoming increasingly challenging due
to the rise in antibiotic resistance [6]. Consequently, patients have an increased risk of
recurrent uUTI episodes and/or treatment failure (TF) [7,8]. In the literature, definitions
of TF vary but broadly include uUTI recurrence, uUTI-associated hospitalization or an
additional antibiotic prescription within a certain time period (typically ≤28 days following
treatment) [9]. A retrospective study of patients with empirically treated uUTI reported
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a TF rate of 34.3% among patients who received an inappropriate antibiotic, compared
with 18.9% of patients who received an appropriate antibiotic [10]. Two other retrospective
database studies conducted in the US reported TF rates of 12.3% and 15.2% among female
patients with a uUTI [11–13].

Antibiotic TF is associated with greater healthcare resource utilization (HCRU, such
as urinary tract infection [UTI]-related emergency department [ED] visits, ambulatory care
claims and pharmacy claims) and treatment-related costs (including total and uUTI-related
healthcare costs), compared with uUTI episodes without TF [11,14]. While short-term
clinical outcomes in patients with uUTI-related TF have been evaluated previously, there
is a lack of data describing the long-term outcomes for patients with TF. Furthermore,
the economic burden on female patients and the US healthcare system associated with
uUTI-related TF must be further explored to elucidate unmet needs in this population. We
previously conducted a retrospective, observational study, reporting a TF incidence rate of
167.2 per 1000 (16.7%) female patients with uUTI empirically prescribed antibiotics [15].
Antibiotic use in the previous 12 months, UTI recurrence, and location of care were
identified as key patient-level risk factors. To better understand the burden of TF in
uUTI, we conducted a secondary analysis evaluating the risk of adverse clinical outcomes,
as well as HCRU rates and costs associated with TF within 28 days of treatment and over
the 12-month observation period.

2. Materials and Methods
2.1. Study Design

Details of the study design have been published previously [15]. Briefly, this retrospective,
observational cohort study used data from Optum’s de-identified Electronic Health Record
dataset (Optum EHR; January 2017–September 2022). The study design is shown in Figure 1.
The index date was the earliest empiric oral antibiotic prescription occurring within ±5 days
of a randomly selected UTI diagnosis (the index diagnosis). The 12 months prior to the
index date defined the baseline period and the 28 days following the index date (including
the index date) defined the index episode. For patients with TF, the index episode was
extended to 28 days after the date of the first observed TF.

Figure 1. Study design. * For patients with TF during the index uUTI episode, the episode was
extended to 28 days after the date of the first observed TF. HCRU, healthcare resource utilization; TF,
treatment failure; UTI, urinary tract infection; uUTI, uncomplicated urinary tract infection.

2.2. Study Population

Eligible patients were female, aged ≥12 years, with ≥1 outpatient or ED uUTI
diagnosis and ≥1 oral antibiotic prescription. Key exclusion criteria included antibiotic
susceptibility test results <14 days prior to or on the index date, evidence of a complicated
UTI (cUTI) [16] during the baseline period or on the index date, hospitalization <28 days
prior to or on the index date, or nursing home residence during the baseline period. Full
inclusion and exclusion criteria are listed in Table S1.

Patients were grouped into two cohorts: patients who experienced TF (TF cohort) and
those who did not experience TF (no-TF cohort). TF was defined as a new or repeat oral
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antibiotic prescription; administration of an IV antibiotic; or acute UTI diagnosis <28 days
following the index date. Acute UTI diagnosis was defined as a primary diagnosis of UTI
in an ED or inpatient setting (excluding the index uUTI diagnosis).

2.3. Study Outcomes

Patient demographics and clinical characteristics were assessed during the baseline
period. Adverse clinical outcomes—recurrent UTI and uUTI complications—were
evaluated over the observation period (12 months post index [including the index date]).
Recurrent UTI was defined as ≥3 UTI episodes within 12 months (including the index
episode), ≥2 UTI episodes within 6 months (including the index episode), or a diagnosis of
recurrent UTI as captured by natural language processing (NLP) in the Optum EHR dataset.
uUTI complications were captured using International Classification of Diseases, Tenth
Edition, Clinical Modification (ICD-10-CM) diagnosis codes and by NLP in the Optum EHR
dataset. Complications, assessed separately and as a composite outcome, included acute
pyelonephritis (AP; ICD-10-CM: N10) and bacteremia/Gram-negative sepsis (ICD-10-CM
R78.81, A41.5).

All-cause and UTI-related HCRU and medical costs were evaluated for the index episode
and during the observation period. HCRU included all-cause and UTI-related hospitalizations
(including length of stay), ED visits, and outpatient visits (including urgent care, office or
clinic visits, ambulatory services utilization, and telephone or online consultation).

Mean monthly medical costs per patient (including hospitalization, ED visit, and
outpatient visit costs) were imputed based on unit cost estimates among patients in the US.
Unit cost estimates (USD) for an all-cause and UTI-related hospitalization were USD 22,543
in 2017 [17] and USD 6425 in 2011 [18], respectively. Estimates for an ED visit were USD
3516 in 2016 [19] and USD 2598 in 2008 [20], and for an outpatient visit they were USD
478 in 2017 [17] and USD 300 in 2013 [21]. All costs were inflation-adjusted to 2022 USD
based on the medical care component of the Consumer Price Index. HCRU and costs were
identified as UTI-related if the visit or encounter was associated with a diagnosis code for
UTI (ICD-10-CM: N30.0x, N30.9x, and N39.0).

2.4. Statistical Analysis

The number of patients with TF was reported as a proportion of the total population.
Risks of recurrent UTI, AP, and bacteremia/Gram-negative sepsis were compared between
patients with and without TF using univariable and multivariable regression models
with Poisson distribution to estimate risk ratios (RR), 95% CIs and p-values, using robust
standard errors. Multivariable models included adjustment for demographics and clinical
characteristics with a standardized difference >10% between the two cohorts.

Incidence rates of each HCRU type were reported per 100 patient-months for the index
uUTI episode and the 12-month follow-up period. HCRU was compared between cohorts
using univariable and multivariable regression models with negative binomial distribution;
95% CIs, and p-values were generated using non-parametric bootstrap procedures with
499 replications. Medical costs were compared between patients with and without TF using
generalized linear models with a gamma distribution and log-link function to account for
the right-skewed distribution of costs and expected substantial proportion of zero values.
For cost outcomes with >5% zero values, a logistic regression was used to estimate the
marginal probability of non-zero costs, and a generalized linear model with a gamma
distribution and log-link function was used to estimate the predicted cost ratio conditioned
on the probability of non-zero costs. Multivariable models for HCRU and costs adjusted for
age, race, region, and clinical characteristics with a standardized difference >20% between
the two cohorts.
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3. Results
3.1. Incidence of TF

Patient disposition and baseline characteristics have been published previously [15].
Among 376,004 patients included, 62,873 (16.7%) experienced TF (TF cohort). The remaining
313,131 patients (83.3%) did not experience TF (no-TF cohort).

3.2. Long-Term Clinical Outcomes

During the observation period, patients in the TF cohort had a significantly greater risk
of adverse clinical outcomes versus the no-TF cohort. The risks of recurrent UTI and uUTI
complications were 23% (adjusted RR [aRR] 1.23; 95% CI 1.21, 1.25; p < 0.001) and 80% (aRR
1.80; 95% CI 1.73, 1.87; p < 0.001) higher, respectively, in patients with TF versus without
TF. Significant between-cohort differences in the risk of individual uUTI complications (all
p < 0.001) included AP (TF cohort, 5.1%; no-TF cohort, 3.0%; aRR 1.77; 95% CI 1.70, 1.84)
and bacteremia/Gram-negative sepsis (TF cohort, 0.8%; no-TF cohort, 0.3%; aRR 2.51; 95%
CI 2.24, 2.82; Figure 2).

Figure 2. Risk of clinical outcomes during the 12-month observation period among female outpatients
with uUTI: TF versus no-TF of empirically prescribed oral antibiotic treatment. * A patient was
considered to have recurrent UTI if (1) the patient was diagnosed with recurrent UTI (identified
through NLP in the Optum EHR dataset) or (2) the patient had ≥3 UTI episodes during the 12 months
post index or ≥2 UTI episodes in the 6 months post index, including the index uUTI diagnosis.
† Acute pyelonephritis was identified using ICD-10-CM diagnosis code N10 or ‘acute pyelonephritis’
as captured by NLP in the Optum EHR dataset. ‡ Bacteremia/Gram-negative sepsis was identified
using ICD-10-CM diagnosis codes R78.81 (bacteremia) and A41.5 (sepsis due to other Gram-negative
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organisms, such as Escherichia coli) or ‘bacteremia’ or ‘urosepsis’ as captured by NLP in the Optum
EHR dataset. § Adjusted risk ratios were estimated from multivariable generalized linear models
with Poisson distribution, adjusting for demographics and the following clinical characteristics
with a standardized difference >10% between the TF cohort and no-TF cohort: Escherichia coli
bacterial pathogen, any antibiotic non-susceptibility for the bacterial pathogen, visit type on the
index uUTI diagnosis, pyuria, number of previous UTI episodes, recurrent UTI, nitrite positive
urinalysis result, red blood cells present urinalysis result, number of all-cause ED visits, baseline
β-lactam use, baseline fluoroquinolone use, baseline use of other antibiotics, number of prescriptions
for any oral antibiotic treatment during the baseline period, and baseline history of antibiotic TF.
Baseline characteristics collinear with another characteristic already included in the model were not
adjusted for (e.g., menopausal status). CI, confidence interval; ED, emergency department; EHR,
electronic health record; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical
Modification; NLP, natural language processing; TF, treatment failure; UTI, urinary tract infection;
uUTI, uncomplicated urinary tract infection.

3.3. HCRU and Cost Outcomes

During the index uUTI episode, hospitalizations were rare across cohorts; however,
the incidence of all-cause hospitalizations was six-fold higher among the TF cohort versus
the no-TF cohort (3.68 versus 0.58 per 100 person-months; adjusted incident rate [aIR] 6.00;
95% CI 5.59, 6.39; p < 0.001) and the incidence of UTI-related hospitalizations was 12-fold
higher (1.25 versus 0.09 per 100 person-months; aIR 12.09; 95% CI 10.50, 14.14; p < 0.001;
Figure 3). The incidence of ED visits was also significantly higher for those with TF versus
those without (all-cause: 30.75 versus 21.34 per 100 person-months; aIR 1.48; 95% CI 1.45,
1.50; UTI-related: 21.36 versus 17.21 per 100 person-months; aIR 1.28; 95% CI 1.25, 1.30;
both p < 0.001). The rate of all-cause outpatient visits was significantly higher for patients
with TF versus without (241.12 versus 187.92 per 100 person-months; aIR 1.25; 95% CI 1.24,
1.26; p < 0.001); however, incidence of UTI-related outpatient visits was lower for patients in
the TF cohort versus no-TF cohort (86.28 versus 90.87 per 100 person-months; aIR 0.94; 95%
CI 0.93, 0.94; p < 0.001). All-cause and UTI-related HCRU rates were consistently higher in
the TF cohort versus no-TF cohort in the observation period (Figure 4).

Mean all-cause and UTI-related total medical costs per-person per-month during the
index uUTI episode were significantly higher for patients in the TF cohort versus no-TF
cohort (mean [SD], USD 3440 [USD 5401] versus USD 2108 [USD 3167]; adjusted cost
ratio [aCR] 1.66; 95% CI 1.64, 1.68; and USD 1316 [USD 1909] versus USD 1071 [USD
1457]; aCR 1.33; 95% CI 1.31, 1.35; both p < 0.001). All-cause and UTI-related costs were
consistently higher in the TF cohort versus no-TF cohort for hospitalizations, ED visits,
and outpatient visit costs during the index episode and the observation period. Cost
data during the index uUTI episode and during the follow-up period are presented in
Table S2 and Table S3, respectively.

Figure 3. Cont.
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Figure 3. All-cause and UTI-related HCRU during the index uUTI episode among female outpatients
with TF versus no-TF of the initial empirically prescribed oral antibiotic treatment. * Adjusted
rate ratios were estimated from multivariable generalized linear models with negative binomial
distribution to account for overdispersion, adjusting for age, race, and region, as well as the following
clinical characteristics with a standardized difference >20% between the TF cohort and no-TF cohort:
Escherichia coli bacterial pathogen, any antibiotic non-susceptibility for the bacterial pathogen, number
of prescriptions for any oral antibiotic treatment in the baseline period, and baseline history of
antibiotic TF. Baseline characteristics collinear with another characteristic already included in the
model were not adjusted for (e.g., menopausal status). CI, confidence interval; ED, emergency
department; HCRU, healthcare resource utilization; OP, outpatient; TF, treatment failure; UTI, urinary
tract infection; uUTI, uncomplicated urinary tract infection.

Figure 4. All-cause and UTI-related HCRU during the 12-month observation period among female
outpatients with uUTI with TF versus no-TF of the initial empirically prescribed oral antibiotic
treatment. * Adjusted rate ratios were estimated from multivariable generalized linear models with
negative binomial distribution to account for overdispersion, adjusting for age, race, and region, as
well as the following clinical characteristics with a standardized difference >20% between the TF
cohort and no-TF cohort: Escherichia coli bacterial pathogen, any antibiotic non-susceptibility for the
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bacterial pathogen, number of prescriptions for any oral antibiotic treatment in the baseline
period, and baseline history of antibiotic treatment failure. Baseline characteristics collinear with
another characteristic already included in the model were not adjusted for (e.g., menopausal
status). CI, confidence interval; ED, emergency department; HCRU, healthcare resource utilization;
OP, outpatient; TF, treatment failure; UTI, urinary tract infection; uUTI, uncomplicated urinary
tract infection.

4. Discussion
4.1. Key Findings

Antibiotic TF in uUTI is associated with increased clinical and economic burden [5,22];
however, long-term burden (up to 12 months following treatment) is poorly characterized
in the literature. This study evaluated the association of antibiotic TF with clinical outcomes,
HCRU and costs during the index uUTI episode and the 12 months following treatment.
Patients who experienced TF had a significantly higher risk of adverse clinical outcomes
during the observation period, including recurrent UTI and uUTI complications, and more
than double the risk of experiencing bacteremia/Gram-negative sepsis compared with
the no-TF cohort. All-cause and UTI-related HCRU incidence rates were consistently
higher among patients with TF versus without, both in the short-term (during the index
uUTI episode) and long-term (during the 12-month observation period). In addition, a
significantly greater short- and long-term economic burden was observed for patients in
the TF cohort versus the no-TF cohort, with the greatest difference seen in UTI-related
hospitalization costs, which were 13-fold higher during the index uUTI episode among
patients with TF versus without.

4.2. Clinical Significance of Results

Antibiotic TF associated with uUTI is closely related to antimicrobial resistance (AMR),
a growing global public health concern [6,23], and there is established research on the
prevalence of AMR in the US (0.4–35.9% depending on bacterium strain and antimicrobial
class) [24,25]. While recurrent UTIs are associated with resistant uropathogens [26], data on
long-term clinical outcomes and related complications (such as bacteremia/Gram-negative
sepsis) due to TF are limited. To our knowledge, this is the first study to evaluate these
outcomes in the context of TF for uUTI.

In the current study, the incidence of recurrent UTI was significantly higher among
patients with TF, yet the incidence was also relatively high among those without TF (~20%).
Previous studies reported that 19–44% of female patients will experience recurrence within
6 months to a year [27,28]. The incidence of UTI complications in the current study was
5.7% in the TF cohort and 3.2% in the no-TF cohort. Another observational study in the US
reported a subsequent diagnosis of urosepsis or pyelonephritis in 1.7% of female patients
within 60 days of a uUTI diagnosis [29]. The higher incidence of UTI complications reported
in the current study are likely attributable to the extended observation period of 12 months.
Together, these findings highlight an urgent need to improve outcomes for patients who
experience TF and/or adverse clinical outcomes and the importance of long-term follow-up
for patients with uUTI.

The HCRU rates and costs reported during the observation period in the current study
were higher for patients with TF versus without. A previous observational study by Ellis
et al. (2025) reported significantly higher rates of UTI-related outpatient hospital visits and
physician office visits during days 181–365 following a uUTI episode among patients with
TF versus those without TF (14.1% versus 9.8% and 16.6% versus 11.9%, respectively; both
p < 0.001) [13]. In the same time period, total UTI-related mean medical costs were USD
162 more per patient in the TF versus no-TF cohorts (p < 0.001) [13]. Similarly, Franklin et al.
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(2023) reported consistently higher UTI-related total medical, outpatient, and inpatient costs
among patients with uUTI TF versus those without during a one-year follow-up period [11].
The current study adds to the limited existing evidence base, providing contemporary data
on long-term HCRU and costs associated with antibiotic TF, and further highlights the
disproportionate clinical and economic burden on patients who experience TF.

Similar trends of the impact of TF are observed in other bacterial infections. For
example, in a post hoc analysis of a randomized, non-inferiority trial of linezolid versus
vancomycin in patients with nosocomial pneumonia caused by methicillin-resistant
Staphylococcus aureus, TF was a significant predictor of greater medical costs compared with
those with treatment success (p < 0.001) [30]. Furthermore, TF has been reported in patients
with acute otitis media (2.2% [95% CI 2.1, 2.2]) [31] and acute sinusitis (3.2% in patients
treated with amoxicillin-clavulanate and 2.9% with amoxicillin) [32]. However, there is little
evidence describing the burden of TF in these populations. Given the significantly higher
clinical and financial burden on patients with versus without uUTI-related TF observed in
the current study, further investigations of TF-related outcomes in other common outpatient
infections are required to provide a comprehensive understanding of the burden of TF
in general.

A wide range of uUTI-associated TF incidence rates have been reported across
previous retrospective studies (4.6–23.4%) [12,33,34], likely attributable to differences
in TF definitions and the study populations. A recent systematic literature review
evaluated uUTI-associated TF definition heterogeneity across 10 observational studies using
administrative databases and 11 observational studies using patient-level health record
data [9]. Definitions of UTI and TF differed substantially across studies. Among database
studies, UTI identification relied primarily on ICD-9 or ICD-10-CM codes, although two
studies used International Classification of Primary Care codes and one study required
culture-positive UTI confirmation. All 10 database studies included a second antibiotic
prescription in their TF definition, but many also incorporated composite endpoints such
as IV administration and/or hospitalizations/ED visits. In contrast, studies using health
record data employed more clinically nuanced criteria to define TF, including progression
to severe or cUTI requiring hospitalization/ED visit, evidence of pyelonephritis, persistent
symptoms, or use of a validated symptom assessment questionnaire (the Urinary Tract
Infection Symptom Assessment) to determine treatment response. The substantial variation
in TF definitions underscores the need for greater standardization to better characterize its
impact on patients and healthcare systems.

Overall, the results reported here suggest that access to new oral antimicrobial
treatments is needed to improve clinical outcomes and reduce the clinical and economic
burden on patients with uUTI. Most recently, gepotidacin, a bactericidal, first-in-class
triazaacenaphthylene antibacterial, was approved in March 2025 by the US Food and Drug
Administration for the treatment of female patients with uUTI [35]. However, further
research is needed to assess the impact of this new class of therapy on long-term patient
outcomes and HCRU.

4.3. Limitations

The limitations of this study included the lack of culture-proven UTI diagnosis.
This may have led to overestimation of uUTI-associated TF if patients received a
new prescription for an infection from a different microorganism or if uUTIs were
over-diagnosed where patients presented with UTI symptoms in the absence of bacteriuria.
However, guidelines do not consistently recommend urine cultures from patients in general
practice to diagnose uUTI [36,37], with US primary care studies indicating that cultures are
obtained in only 30–57% of patients [38–41]. Therefore, requiring a culture-proven diagnosis
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for study entry would have considerably underestimated the real-world occurrence of
TF. Furthermore, the definition of TF used in the current study may not directly translate
to microbiologically confirmed TF or AMR; therefore, these results should be interpreted
cautiously. Additionally, uUTI and cUTI definitions are evolving. The American Urological
Association (AUA) and the Infectious Diseases Society of America (IDSA) recently amended
these definitions to reclassify male patients with afebrile UTI and no signs or symptoms of
systemic infection as uUTI [36,37].

Another limitation is the lack of a standardized TF definition, which may have
driven the lower TF incidence rates reported in previous studies. For example, Koh
et al. (2023) reported a TF rate of 4.6% in patients with uUTI; however, they had a young
population (ages 18–50 years) and strict antibiotic re-prescription criterion, requiring a
follow-up visit, the presence of UTI symptoms and a prescription on the same date [34]. In
comparison, Franklin et al. (2023) reported a TF rate of 12.3% in adult female patients with
an outpatient uUTI diagnosis; TF was defined as ≥1 additional oral antibiotic prescription,
IV administration or a new UTI diagnosis in ED or inpatient setting ≤28 days of the
antibiotic claim date [11], consistent with the TF definition used in the current study. This
limitation could be mitigated by the introduction of a standardized TF definition across
observational and clinical trials.

Lastly, UTI-related HCRU and costs included all visits associated with a uUTI
diagnosis code, which did not include diagnosis codes for AP or related conditions or
diagnosis codes for Gram-negative sepsis with secondary UTI, diagnoses which may have
indicated a progression to a more severe UTI or cUTI per the IDSA guidelines (2025) [37].
Therefore, UTI-related HCRU and costs may have been underestimated in this study.
Furthermore, exact cost data were not available, and costs were instead estimated based
on values reported in the literature. This approach was applied to both cohorts and was
not expected to have a differential impact; therefore, the cost ratio still captures the greater
financial burden observed among patients with TF versus without TF.

5. Conclusions
This study found that female patients with uUTI who experienced TF to empirically

prescribed oral antibiotics had significantly greater risk of adverse clinical outcomes, as well
as higher rates of all-cause and UTI-related HCRU and costs in the short- and long-term
versus patients without TF. Further research to elucidate the factors contributing to TF and
identify effective antibiotic prescribing practices is urgently needed to improve clinical
outcomes for patients with uUTI and reduce the economic burden associated with TF.
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