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Abstract
Background
Randomised controlled trials (RCTs) investigated analgesics, herbal formulations, delayed prescription of antibiotics and placebo to prevent overprescription of antibiotics in women with uncomplicated urinary tract infections (uUTI). 
Objectives
To estimate the effect of these strategies and to identify symptoms, signs or other factors that indicate a benefit from these strategies.
Data sources 
[bookmark: _Hlk79166209]MEDLINE, EMBASE, Web of Science, LILACS, Cochrane Database of Systematic Reviews and of Controlled Trials, and ClinicalTrials. 
Study eligibility criteria, participants and interventions
RCTs investigating any strategies to reduce antibiotics versus immediate antibiotics in adult women with uUTI in primary care.
Data synthesis
We extracted individual participant data (IPD) if available, otherwise aggregate data (AD). Bayesian random-effects meta-analysis of the AD was used for pairwise comparisons. Candidate moderators and prognostic indicators of treatment effects were investigated using generalised linear mixed models based on IPD.
Results
We analysed IPD of 3524 patients from eight RCTs and AD of 78 patients. 
Non-antibiotic strategies increased the rates of incomplete recovery (odds ratio [OR] 3.0; 95% credible interval [CI] 1.7-5.5; Bayesian p-value pB=0.0017; τ=0.6), subsequent antibiotic treatment (OR 3.5 [95% CI 2.1, 5.8; pB=0.0003) and pyelonephritis (OR 5.6; 95% CI 2.3, 13.9; pB=0.0003). Conversely, they decreased overall antibiotic use by 63%.
In patients positive for urinary erythrocytes and urine culture were at increased risk for incomplete recovery (OR 4.7; 95% CI 2.1-10.8; pB =0.0010), but no difference was apparent where both were negative (OR 0.8; 95% CI 0.3-2.0; pB =0.667). In patients treated with using non-antibiotic strategies, urinary erythrocytes and positive urine culture were independent prognostic indicators for subsequent antibiotic treatment and pyelonephritis.
Conclusions and relevance
Compared to immediate antibiotics, non-antibiotic strategies reduce overall antibiotic use but result in poorer clinical outcomes. The presence of erythrocytes and tests to confirm bacteria in urine could be used to target antibiotic prescribing. 
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Introduction
[bookmark: __Fieldmark__473_3081256671][bookmark: Bookmark][bookmark: __Fieldmark__480_3081256671][bookmark: Bookmark2][bookmark: __Fieldmark__483_3081256671][bookmark: Bookmark1][bookmark: __Fieldmark__294_1299741988][bookmark: __Fieldmark__116_397691543][bookmark: __Fieldmark__135_2378069936][bookmark: __Fieldmark__121_397691543][bookmark: __Fieldmark__128_3040460335][bookmark: __Fieldmark__315_1299741988][bookmark: __Fieldmark__236_3792730803][bookmark: __Fieldmark__163_4260856038][bookmark: __Fieldmark__180_3190763031][bookmark: __Fieldmark__521_3081256671][bookmark: Bookmark4][bookmark: __Fieldmark__524_3081256671][bookmark: Bookmark3][bookmark: __Fieldmark__530_3081256671][bookmark: __Fieldmark__337_1299741988][bookmark: Bookmark5][bookmark: __Fieldmark__543_3081256671][bookmark: Bookmark6]Uncomplicated urinary tract infections (uUTIs) are the most common bacterial infections in general practice1 whereas up to 95% of women with symptoms suggestive of uUTIs are prescribed antibiotics.2-4 Given the rising levels of resistance5, strategies to reduce antibiotic use are of major interest. Several randomised controlled trials (RCTs) investigated analgesics, herbal formulations, delayed prescribing of antibiotics to reduce antibiotics and placebo in women with uUTIs.6-12 Most of these trials suggest antibiotics to be more effective regarding clinical recovery, symptom burden, and the occurrence of pyelonephritis, but a reduction of antibiotic prescriptions by up to 84% was also demonstrated when using these strategies.7 A previous meta-analysis on placebo and two recent systematic reviews of RCTs evaluating different treatment strategies exist,13-15 but a comparison of these strategies has not yet been quantitatively summarised in a meta-analysis of individual participant data (IPD), the gold standard16 of evidence, especially in patients with differential treatment benefits.
Our objective was to conduct an IPD meta-analysis of RCTs comparing strategies to reduce antibiotics with immediate antibiotics (standard of care) in women with uUTIs in primary care. We aimed to assess (1) the effect of experimental strategies on symptoms, antibiotic use, and incidence of complications (specifically pyelonephritis and febrile UTI) and (2) to identify symptoms and signs or other factors that indicate a benefit from non-antibiotic strategies. 


Methods
[bookmark: __Fieldmark__267_3190763031][bookmark: __Fieldmark__425_1299741988][bookmark: __Fieldmark__254_3190763031][bookmark: __Fieldmark__419_1588771552][bookmark: _Hlk83369402]We performed a systematic review to identify eligible RCTs for meta-analysis and IPD meta-regression. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA statement).17 The protocol was published18 and registered with Prospero (CRD42019125804). The study was evaluated by the ethics review board of the University of Wuerzburg in August 2019 (ID 20129072301) No ethical objections were raised. 

Search strategy 
[bookmark: __Fieldmark__465_1299741988][bookmark: __Fieldmark__200_397691543][bookmark: __Fieldmark__308_4260856038][bookmark: __Fieldmark__460_1299741988][bookmark: __Fieldmark__238_3040460335][bookmark: __Fieldmark__451_1588771552][bookmark: __Fieldmark__315_2378069936][bookmark: __Fieldmark__299_3190763031]In April 2019, we performed a literature search in MEDLINE, EMBASE, Web of Science, LILACS, Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, Health Technology Assessment Database at the Centre for Reviews and Dissemination, and ClinicalTrials.gov databases for publications from 1990 to 2019. We updated the search in May 2021 and February 2022. Our search strategy addressed eligible RCTs using search terms including relevant medical subject headings and keywords such as urinary tract infection OR urinary tract infections OR UTI OR bacteriuria OR pyuria OR cystitis OR pyelonephritis) AND (antibiotic OR antibiotics OR anti-bacterial agents OR anti-microbial).18 The full search strategies are included in Supplement 4.

Study Selection
We included RCTs with adult women with symptoms suggestive of acute uUTI presenting to general practice. We considered patients eligible for the treatment group if a strategy to reduce antibiotic use was followed; patients immediately prescribed antibiotics formed the control group. Conference abstracts were excluded. There were no language restrictions. 
Two investigators (CR, JH) independently screened the titles and abstracts of the retrieved publications. A third investigator (YK) rescreened all preselected studies. The three authors resolved disagreements by discussion.

Data collection and extraction
[bookmark: __Fieldmark__676_3081256671][bookmark: Bookmark12][bookmark: __Fieldmark__681_3081256671][bookmark: Bookmark13][bookmark: __Fieldmark__567_1299741988][bookmark: __Fieldmark__331_3190763031][bookmark: _Hlk79134972][bookmark: _Hlk79135221][bookmark: _Hlk79166351]Two review authors (IG, TF) invited the authors of eligible studies to provide the IPD electronically via standardised anonymized data extraction sheets.18 Data transfers were performed via secured servers in compliance with relevant data protection regulations.19 If IPD were not available, we analysed the aggregated data (AD). Three authors (YK, CR, JH) screened the IPD and performed internal consistency checks against the published data. Discrepancies were resolved by querying the authors. We harmonised the data and different scales for UTI symptom scores (4, 5, 7-points) used in the studies to assess the severity of symptoms. We harmonised the data on UTI symptom severity, which was assessed with different symptom scores depending on the study (4, 5, and 7-point scales). We divided the absolute scores by their maximum score to express them in in a common percentage scale.20 More than slight symptoms were defined as a score of more than 33% of the maximum score in the respective scale (Supplement Figure 1). The scores for dysuria, frequency, and urgency were averaged in order to derive an overall symptom score. For the definition of positive urine culture, which differs in most studies, we used the common denominator that would apply to all studies.21 This was the most important argument and in the case of E. coli, the most common pathogen, this limit also seemed justifiable. 


Specification of outcome measures
[bookmark: _Hlk79166233]The primary outcome incomplete recovery was a composite of more than slight symptoms (applied to at least one of the scores for dysuria, frequency, and urgency assessed last between days 3 and 7), or subsequent antibiotic treatment defined as antibiotics following experimental treatment during a follow-up of 14-49 days, or occurrence of complications (pyelonephritis, febrile UTI, or sepsis) during follow-upof.
Secondary outcomes were subsequent antibiotic treatment, symptom burden on days 2 and 3–7 (last assessment), clinical recovery (symptom score of 0 for dysuria, frequency, and urgency assessed last between days 3 and 7), and recurrent UTI. 
Safety outcomes were serious adverse events (SAEs) or non-UTI-related adverse events (AEs).
[bookmark: _Hlk79140716]After data screening, we added incomplete symptomatic recovery, defined as more than slight symptoms, as assessed last between days 3 and 7, and overall antibiotic use (number of courses including experimental antibiotics) as explorative outcomes. We combined relapses and recurrent UTIs (re-occurrence of UTI symptoms within 14 days vs. after 14 days)22 into a single dichotomous relapse/recurrent UTI outcome and analysed complications (pyelonephritis, febrile UTI and sepsis) as an additional safety outcome.
 
Quality assessment 
[bookmark: __Fieldmark__297_3040460335][bookmark: __Fieldmark__1011_3951910801][bookmark: __Fieldmark__626_3792730803][bookmark: __Fieldmark__252_397691543][bookmark: __Fieldmark__400_2378069936][bookmark: __Fieldmark__413_3190763031][bookmark: __Fieldmark__674_1299741988][bookmark: __Fieldmark__381_4260856038][bookmark: __Fieldmark__422_3190763031]Two authors (YK, JH) independently evaluated the quality of each study using the Cochrane risk-of-bias tool, disagreements were resolved by consensus with a third author (CR).23 We generated funnel plots to detect publication bias.24 To assess data availability bias, we compared studies with and without IPD.25
We used the five GRADE (grading of recommendations assessment, development, and evaluation) considerations (study limitations, consistency of effect, imprecision, and publication bias) to assess the certainty of evidence for our analyses of the primary, main secondary and safety outcomes.26

Data analysis 
To estimate the effects of the non-antibiotic strategies versus immediate antibiotics we used pairwise meta-analysis for the primary, secondary and safety outcomes.
To identify patients who benefited from a particular treatment, we applied a meta-regression to the analysis of candidate treatment moderators. Accordingly, meta-regression was applied to identify prognostic indicators of the treatment effect in patients treated with non-antibiotic strategies. We stratified the analyses using random study effects. For two-stage methods involving AD, we assumed a normal likelihood in the meta-analysis models. We used generalised linear mixed models for the one-stage methods involving IPD. For meta-regression analyses, we included studies with patient-level data available on the relevant covariates.
[bookmark: __Fieldmark__860_3081256671][bookmark: Bookmark20][bookmark: __Fieldmark__865_3081256671][bookmark: __Fieldmark__921_1299741988][bookmark: Bookmark22][bookmark: __Fieldmark__297_397691543][bookmark: __Fieldmark__756_3792730803][bookmark: __Fieldmark__466_3190763031][bookmark: __Fieldmark__358_3040460335][bookmark: __Fieldmark__901_1299741988][bookmark: Bookmark21][bookmark: __Fieldmark__460_4260856038][bookmark: __Fieldmark__497_2378069936][bookmark: __Fieldmark__870_3081256671][bookmark: Bookmark23][bookmark: __Fieldmark__904_3081256671]Primary analyses focused on odds ratios (ORs) as effect measures for binary endpoints, risk ratios (RRs) were explored as alternatives. We calculated the incidence rate ratios (IRRs) for counts, and mean differences (MDs) for metric outcomes. Heterogeneity was quantified in terms of between-study standard deviation (τ). In a sensitivity analysis, we explored the results based on subgroups of trials evaluating similar treatments if a sufficient number of trials was available. Here, we further explored the values of τ for all studies, in comparison to the subgroups of trials evaluating similar treatments. We conducted analyses using Bayesian methods with uninformative priors for treatment effects and weakly informative priors for between-study variability (heterogeneity).27
To identify symptoms and signs and other factors that could indicate benefit from non-antibiotic treatment we adopted multilevel models that adjusted treatment effect estimates for candidate treatment moderators, their combinations and (two-way) interactions on patient-level. Before including the moderators, we checked for consistency with AD analyses. To identify prognostic indicators, we proceeded similarly with patients assigned to any of the non-antibiotic treatment strategies.
Age, symptom burden, and duration of patient-reported symptoms at baseline, urine culture, leukocytes, erythrocytes, and nitrites were analysed as candidate moderators of treatment effects defined by the outcomes of incomplete recovery, incomplete symptomatic recovery, subsequent antibiotic treatment, symptom score, and occurrence of complications. 
To identify prognostic indicators for clinical recovery, subsequent antibiotic treatment, and complications we investigated the non-antibiotic groups only. We used univariable and multivariable methods, including binary and continuous covariables, to develop prognostic models for the respective outcomes. For detailed analysis we considered different concentrations of prognostic indicators identified to be significant (e.g. erythrocytes) if available. 
Effect estimates (ORs, IRRs, or MDs) are quoted along with 2-sided 95% credible intervals (CIs) and two-sided posterior tail probabilities (pB). PB values are analogous counterparts to (frequentist) P-values and are similarly connected to CIs. 
Descriptive summaries were used to describe the study-level and patient-level characteristics including the occurrence of missing values. Metric variables were characterised by mean, median, and standard deviation (SfD; range), discrete variables by absolute or relative frequencies.
We used the R environment for statistical computing (version 3.6.3, add-on packages bayesmeta, brms, and forestplot) and RevMan for the quality assessment.28

Results
Of 6090 publications 65 were checked by a full text screening and found 47 of them not eligible for inclusion (for details see Supplement 3). In nine of the remaining 18 RCTs, outcome data for the MA were not available (for details see Supplement 3) and enquiries to the authors were not answered. Finally, nine RCTs were eligible (Figure 1). 6-9,29-33  Four trials investigated analgesics, two herbal formulations and placebo respectively. One study addressed delayed antibiotic prescribing. We analysed the IPD of 3524 patients from eight trials and AD of 78 additional patients from one trial.8 We excluded one 17-year-old participant.9 For missing values, see Supplement Table 1.
The median age of the patients varied between 25 and 45 years. Symptom severity at baseline was similar across trials, as was the laboratory data, except for one where only 33% of participants were positive for urine erythrocytes (Table 1, Supplement Table 2).

Quality assessment
[bookmark: __Fieldmark__991_3081256671][bookmark: __Fieldmark__1000_3081256671][bookmark: Bookmark29][bookmark: __Fieldmark__1021_3081256671][bookmark: Bookmark32][bookmark: __Fieldmark__1333_1299741988][bookmark: __Fieldmark__1364_1299741988][bookmark: __Fieldmark__1053_3081256671][bookmark: Bookmark35][bookmark: __Fieldmark__1379_1299741988]We assessed the bias as low risk in all domains for three studies29-31 and as high risk in three trials8,9,33 in up to two domains. The risk was unclear in up to three domains, mainly due to lacking information6-9,29-33 (Supplement Figure 2).
Outcome Measures
Strategies to reduce antibiotics were associated with a higher rate of incomplete recovery than immediate antibiotics (OR 3.0; 95% CI 1.7-5.5; pB=0.0017, Figure 2). ORs for the single studies and different non-antibiotic strategies varied between 1.3 (95% CI 0.9-1.8) and 8.0 (95% CI 4.6-13.9). The rate of subsequent antibiotic treatment was higher (OR 3.5; 95% CI 2.1-5.8; pB=0.0003; Figure 2), the total number of antibiotic courses administered, however, was reduced by 63% (IRR 0.4; 95% CI 0.2-0.6; pB = 0.00024, Figure 2) in the groups using non-antibiotic strategies. Pyelonephritis and febrile UTIs were less frequent with immediate antibiotics (OR=5.6; 95% CI 2.3-13.9; pB=0.0003). Urosepsis was not reported. Non-antibiotic strategies were associated with increased rates of incomplete symptomatic recovery (OR 2.2; 95% CI 1.3-3.8; pB=0.0073, Figure 2). Symptom burden on day 2 was higher with strategies to reduce antibiotics (MD 9.7; 95% CI 5.5-13.1; pB=0.0013). Non-antibiotic strategies had no significant effect on the rates of relapses/recurrent UTIs (OR 1.7; 95% CI 0.9-3.2; pB=0.1), AEs (OR 0.8, CI 0.6-1.1; pB=0.13), and SAEs (OR 2.2 CI 0.7-6.2; pB=0.16) (Supplement Figures 3,4).
Results for the subgroup of trials using analgesics (Figure 2, Supplement Figures 3,4) indicate similar results with larger ORs for the incomplete recovery (OR 4.5; 95% CI 2.4-8.0; pB=0.0006), subsequent antibiotic treatment (OR 4.5; 95% CI 2.3-8.2; pB=0.0008) as well as pyelonephritis and febrile UTI (OR 9.1; 95% CI 2.1-38.7; pB=0.003). 
The certainty of evidence was moderate for most outcomes, and low for symptom burden on days 3–7 and relapse/recurrent UTIs (Supplement Figure 8). Funnel plots were of limited value because of the small number of studies.24
The between-trial heterogeneity was lowest for safety outcomes and highest for relapse/recurrent UTI, incomplete recovery, and incomplete symptomatic recovery (Figure 2).  Due to the small number of studies, we restricted sensitivity analyses to the subgroup of studies using analgesics in the treatment group. Symptom related outcomes showed lower heterogeneity for analgesics than for all trials (Figure 2, Supplement Figures 3,4). 
Comparisons of AD with IPD estimates showed consistent results, with slightly higher ORs in the IPD for complications (Supplement Table 3). Similarly, ORs and RRs showed agreement for most outcomes (Supplement Table 4).

Moderator analyses
Urine erythrocytes as well as urine culture results were independent significant moderators of the treatment effect for the whole population (Figure 3, Supplement Figures 5, 6). Non-antibiotic strategies were associated with higher rates of incomplete recovery when either moderator was positive. Incomplete recovery was most likely in patients receiving non-antibiotic strategies, when both were positive (OR 4.7; 95% CI 2.1-10.8) and there was no difference compared to immediate antibiotics when both were negative (OR 0.8; 95% CI 0.3-2.0) (Figure 3). In analgesic trials, urine erythrocytes were the only statistically significant moderator of incomplete recovery (Supplement Figure 6).

Prognostic indicators
Erythrocytes in urine and urine culture results were also prognostic indicators for subsequent antibiotic treatment and complications in the treatment groups (Figure 3). The best model fit for subsequent antibiotics was achieved when both factors were jointly included (presence of erythrocytes: OR 2.4; 95% CI 1.6-3.7; pB=0.0014; positive urine culture results: OR 3.2; 95% CI 1.9-5.6; pB=0.0008). The same was true for complications (presence of erythrocytes: OR 5.2; 95% CI 1.6-20.7; pB=0.018; positive urine culture: OR 3.8; 95% CI 1.2-14.9; pB=0.004) (Supplement Table 5). When both were positive, the OR for subsequent antibiotic treatment increased by approximately eightfold (2.4 × 3.2) and by about 20 times for complications (5.2 × 3.8) in comparison to none of them being positive. 
For clinical recovery, only the maximum score remained in the model (OR 0.99; 95% CI 0.98-1.0; pB=0.031), indicating that 25% higher ratings on the respective symptom scale corresponds to a decreasing OR of 0.99^25=0.80 (Supplement Table 5). In analgesic trials, leukocytes were also associated with complications (Supplement Table 5, Figure 6). 
In other combinations of factors (symptoms, dipstick test results, urine culture results)we could not identify any further interactions.
When urine culture was excluded from the models, the prognostic indicators remained the same for all outcomes (Supplement Table 6). 
Exploratory analyses on the prognostic value of different erythrocyte concentrations (1+, 2+, 3+, 4+) showed that the odds for complications, incomplete recovery and subsequent antibiotic treatment increased by approximately 1.4 fold with each degree of erythrocyte concentration, while no impact was found for clinical recovery (Supplement Table 7, Figure 7).

Discussion
[bookmark: __Fieldmark__1266_3081256671][bookmark: Bookmark40]The investigated non-antibiotic strategies were associated with a threefold increase in the rate of incomplete recovery compared to immediate antibiotic treatment. Assuming a rate of 25% with immediate antibiotics, this would correspond to a number needed to harm (NNH) of five for non-antibiotic strategies. Similar effects were observed for the secondary and safety outcomes, specifically, occurrence of pyelonephritis and febrile UTI, incomplete symptomatic recovery, and clinical recovery. Subsequent treatment with antibiotics was less likely in the antibiotic groups: those who had already been treated with antibiotics had a lower risk of follow-up antibiotics than those who had not. On the other hand, strategies to reduce antibiotics lowered the overall use of antibiotics by 63%; a relevant finding from the perspective of antimicrobial stewardship.
A meta-analysis of placebo-controlled trials and a recent systematic review of trials on analgesics vs. antibiotics in women with uUTIs, further demonstrated the superiority of immediate antibiotics for symptom-related outcomes.13,14 The added value of our study is the larger sample size and the access to IPD allowing detailed analyses to identify patients who might benefit from a differential treatment effect.
[bookmark: __Fieldmark__1316_3081256671][bookmark: Bookmark45][bookmark: __Fieldmark__1048_3190763031][bookmark: __Fieldmark__1336_3081256671][bookmark: Bookmark48][bookmark: __Fieldmark__1339_3081256671][bookmark: Bookmark47]As expected from its low annual incidence of approximately 0.02% in middle-aged women,34 the proportion of patients with pyelonephritis or febrile UTIs was low. However, there was a significant difference between the groups (0.4% in the immediate antibiotics versus 3.6% in the non-antibiotic group). The low incidence of these complications may explain why an increased risk has not been consistently proven in earlier studies8,9 and why even in our meta-analysis, the incidence was too low to establish reliable risk estimates. Furthermore, effects such as masking of symptoms and inhibition of the immune response may account for the higher rates of pyelonephritis in the analgesic studies. 35 Therefore, analysing large-scale registries, may be necessary to obtain robust evidence.36,37
Despite various experimental treatment strategies considered, heterogeneity was moderate in the primary and secondary outcomes. Relapse/recurrent UTIs were an exception, with a rather high heterogeneity that might be explained, by combining the original two variables, relapse and recurrence, into a single variable. Interestingly, one might suppose a lower heterogeneity in analgesics trials only, but we could only confirm this for symptom-related outcomes. Further sources of heterogeneity were the differences in populations and design (e.g. blinded vs. non-blinded) and in the definitions and operationalisations of outcomes. In addition, non-antibiotic treatment strategies and control antibiotics differed between trials. This may explain why the authors of the systematic review on analgesics considered the heterogeneity to be too high to perform a meta-analysis.14 
The history of recurrent UTIs could also be a source of heterogeneity and may have affected the results. These data were not included in our analyses because they were only available in a few studies. Some studies excluded patients with recurrent UTIs7,32 and other studies did not collect these data.6,8-11,29
Our analyses suggest that erythrocytes in urine and positive urine cultures are significant moderators of the treatment effect. Incomplete recovery was more likely when both moderators were positive, but no difference between immediate antibiotics and non-antibiotic strategies studied was shown when both were negative. Analysis of prognostic indicators in the non-antibiotic groups revealed that the presence of erythrocytes and a positive urine culture with a bacterial count of ≥103 cfu/ml were distinctly prognostic for subsequent antibiotic treatment and pyelonephritis and febrile UTI. The opposite was shown when both indicators were absent. 
In our study, 10% of the participants had negative urine cultures and erythrocytes, while approximately 55% showed both positive erythrocytes and urine cultures and would most likely benefit from immediate antibiotics. Further, 21% had negative erythrocytes and positive urine cultures, and 14% had positive erythrocytes, but negative urine cultures (Table 1). For these patients, the prognostic model indicated a benefit from antibiotics compared to non-antibiotic strategies regarding subsequent antibiotic treatment. Assuming incomplete recovery rates of 25% with immediate antibiotics, this would correspond to a NNH of 10 with non-antibiotic strategies when erythrocytes are negative regardless of whether the urine culture is positive or negative. In case of negative erythrocytes but positive urine culture NNH would be six. For the diagnosis of UTI, haematuria in dipstick analysis has the highest sensitivity but lowest specificity among all variables.33 In contrast to leucocyturia, haematuria can be seen by the patient itself and lead her to seek medical help. In addition, alpha-haemolysin was described as a toxin in E. coli not only causing early haematuria but implying higher risk for invasive infection including intravascular haemolysis and thrombopenia, too.38 Therefore, as seen in our study, haematuria may be a risk factor for more severe courses of disease, with potential benefit for early antibiotic therapy.
[bookmark: __Fieldmark__1424_3081256671][bookmark: __Fieldmark__1427_3081256671][bookmark: Bookmark55][bookmark: Bookmark54]Currently, antibiotics are prescribed for up to 95% of women with symptoms suggestive of uUTI, and only erythrocytes in the urine can be determined at the point of care.3,4
[bookmark: __Fieldmark__1445_3081256671][bookmark: Bookmark57][bookmark: Bookmark56][bookmark: __Fieldmark__1451_3081256671][bookmark: Bookmark58][bookmark: __Fieldmark__1464_3081256671][bookmark: __Fieldmark__1584_3792730803][bookmark: __Fieldmark__2204_1299741988][bookmark: __Fieldmark__756_397691543][bookmark: __Fieldmark__862_3040460335][bookmark: Bookmark59][bookmark: __Fieldmark__2238_1299741988][bookmark: __Fieldmark__1088_3190763031][bookmark: __Fieldmark__1182_2378069936][bookmark: __Fieldmark__1078_4260856038][bookmark: __Fieldmark__1495_3081256671][bookmark: Bookmark61][bookmark: __Fieldmark__1498_3081256671][bookmark: Bookmark60][bookmark: __Fieldmark__1504_3081256671][bookmark: Bookmark62][bookmark: __Fieldmark__1508_3081256671][bookmark: __Fieldmark__2245_1299741988][bookmark: Bookmark63][bookmark: __Fieldmark__2248_1299741988][bookmark: __Fieldmark__1602_3792730803][bookmark: __Fieldmark__1538_3081256671][bookmark: Bookmark64][bookmark: __Fieldmark__1548_3081256671][bookmark: Bookmark66][bookmark: __Fieldmark__1551_3081256671][bookmark: Bookmark65]Previous evidence focused more on the diagnosis of UTI than on treatment outcomes. Accordingly, the diagnostic value of erythrocytes in urine has been assessed in several studies.32,39,40 Leucocytes, nitrites, age, symptom severity and duration, and bladder incubation time were found to be prognostic for the diagnosis of UTI in prior studies, but we were unable to confirm these findings consistently for our outcomes.32,39-41 We identified leukocytes as prognostic indicators for complications in analgesic trials only, and symptom severity for clinical recovery only. The use of antibiotics targeted only to those patients who are more likely to suffer from adverse outcomes is desirable and, in light of our findings, has a potentially large scope for development, given that the proportion of symptomatic women with erythrocytes in urine and positive urine cultures varies.3,4,11 For the treatment choice, patients and clinicians should discuss potential benefits and harms of any treatment in the sense of a shared decision making. New techniques that enable the detection of bacteria in urine at the point of care are required.
The main strength of our trial was availability of the IPD from eight trials that allowed the computation of the harmonised primary outcome, incomplete recovery, across all trials, as well as the joint analysis of all strategies that enhanced the strength of evidence. Consequently, well-founded analyses of effect moderators and prognostic indicators were performed to identify patients who might benefit from non-antibiotic treatments. 
[bookmark: _Hlk105441610]We described sources of heterogeneity and discussed that publication bias could not be assessed via funnel plots due to the limited number of studies included. We looked at different strategies to reduce antibiotic use, assuming that uUTI is usually a self-limiting condition and expected the results of the studies to be determined more by the fact that antibiotic treatment could be avoided or postponed by all interventions than by the differences between the individual strategies. IPD could not be retrieved from one trial, therefore, data availability bias was difficult to assess.8  For two studies, we were unable to analyse incomplete recovery because of data on subsequent antibiotic use were missing. To be able to consider all studies, we analysed incomplete symptomatic recovery as an additional exploratory outcome. 9,10  For the outcomes incomplete recovery and incomplete symptomatic recovery, we set more than slight symptoms on at least one of the scores as a criterion. This was the closest to the patient reported outcome duration of moderately bad symptoms that has been used in clinical trials.10,11,42 
[bookmark: __Fieldmark__1573_3081256671][bookmark: Bookmark67][bookmark: __Fieldmark__1578_3081256671][bookmark: Bookmark68][bookmark: __Fieldmark__939_3040460335][bookmark: __Fieldmark__1209_3190763031][bookmark: __Fieldmark__1291_2378069936][bookmark: __Fieldmark__1208_3190763031][bookmark: __Fieldmark__1177_4260856038][bookmark: __Fieldmark__1294_2378069936][bookmark: __Fieldmark__1731_3792730803][bookmark: __Fieldmark__1180_4260856038][bookmark: __Fieldmark__817_397691543][bookmark: __Fieldmark__936_3040460335][bookmark: __Fieldmark__820_397691543][bookmark: __Fieldmark__1601_3081256671]One trial did not show a difference between an herbal formulation and antibiotics for our primary and most secondary outcomes.7 It was, however, an outlier with 100% of the patients having pyuria since this was an inclusion criterion and it was also an outlier with only 33% of the patients having erythrocytes. It therefore remains unclear whether it was the low rate of erythrocytes or the actual effectiveness of the herbal formulation that was responsible for the favourable outcome. The latter was suggested by a recent retrospective database analysis,43 Finally, we could not evaluate other herbal formulations such as cranberry because they have only been investigated as prevention of UTI, as add-on to antibiotics, or in feasibility studies. 44

Conclusions
Compared to immediate antibiotics, non-antibiotic strategies reduce overall antibiotic use but result in poorer clinical outcomes in women with uUTI. The presence of erythrocytes and tests to confirm bacteria in urine could be used to target antibiotic prescribing. 
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Table 1: Randomized controlled trials included in the meta-analysis and baseline characteristics of the study samples. 
	
	Country
	Treatment/ control
	Number of patients (treatment/ control)
	Age 
(years)
	Symptom score*
	Symptom duration (days) †
	Urine culture positive‡ § ¶
	Urine Leukocytes positive ‡
	Urine 
Erythrocytes positive‡ §
	Urine Nitrites positive ‡

	
	
	
	N(n/n)
	Median (IQR)
	Mean (SD) 
	Mean (SD) 
	 % 
	% 
	% 
	% 

	Bleidorn 2010
	Germany
	Ibuprofen/ ciprofloxacin
	77 (39/38)
	44 (33–60
	56.6 (24.8)
	4.1 (6.1)
	81 
	88
	NA.
	30

	Christiaens 2002††
	Belgium
	Placebo/ nitrofurantoin
	78 (38/40)
	30 (NA)
	NA
	NA
	72 
	NA
	NA
	NA

	Ferry 2004
	Sweden
	Placebo/ pivmecillinam
	1142(287/855)
	41 (26–58)
	64.6 (23.3)
	9.8 (19.5)
	77 
	71
	80
	40

	Gágyor 2015
	Germany
	Ibuprofen/ fosfomycin
	494 (248/246)
	35 (24–49)
	58.7 (23.5)
	2.3 (0.9)
	76 
	84
	76
	20

	Gágyor 2021
	Germany
	Uva ursi||/ fosfomycin
	398 (207/191)
	45 (29–57)
	62.4 (18.7) 
	5.3 (10.2) 
	88 
	83
	78
	21

	Kronenberg 2017
	Switzerland
	Diclofenac/ norfloxacin
	253 (133/120)
	32 (25–48)
	59.1 (13.8)
	2.5 (0.8)
	73 
	94
	82
	14

	Little 2010
	UK
	Delayed prescription/ trimethoprim
	120 (62/58)
	41 (NA)
	41.9 (31.0)
	NA
	NA
	NA
	NA
	NA

	Vik 2018
	Norway, Sweden, Denmark
	Ibuprofen/ mecilinam
	383 (194/189)
	25 (21–32)
	69.0 (19.7)
	1.9 (1.1)
	65
	93
	80
	18

	Wagenlehner 2018
	Ukraine, Poland, Germany
	BNO 1045**/ fosfomycin
	657 (325/332)
	45 (30–59)
	58.2 (9.1)
	1.7 (1.1)
	77
	100
	33
	34


* Mean percentage of the maximum value of the appropriate rating scale (see Supplement Figure 1; † the first day was set to 0 for all studies by default . ‡ data were collected using a dipstick, apart from Ferry et al., who used microscopy. § Negative urine cultures and negative erythrocytes concerned 10% of participants, 55% of participants showed positive erythrocytes and urine cultures, 21% had negative erythrocytes and positive urine cultures, and 14% had positive erythrocytes but negative urine cultures. ¶ The cut-off value for positive urine culture could be harmonized to 103 cfu/ml for all trials apart from Christiaens et al., where 105 cfu/ml were used. || Bearberry (Arctostaphylos Uva Ursi), **BNO 1045 consists of Centaury herbs (Centaurium erythraea Rafn, herba), lovage roots (Levisticum officinale Koch, radix), and rosemary leaves (Rosmarinus officinalis L., folium); †† for this trial no individual participant data could be provided so that published aggregated data was analysed. 

CFU, colony-forming units; uUTI, uncomplicated urinary tract infection; IQR, interquartile range; SD, standard deviation; NA, not available.
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Figure 1: Study selection. 
[bookmark: _Ref59527753]IPD, individual participant data; RCT, randomised controlled trial; uUTI, uncomplicated urinary tract infection.
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Figure 2: Forest plots for the primary, main secondary and safety outcomes (for the remaining secondary and safety outcomes see Supplement Figures 3,4).
Heterogeneity τ was provided with 95% credible intervals. Overall effect estimates and heterogeneity were given for all trials combined and for the subgroup of analgesic trials. In contrast to subsequent antibiotic use, experimental antibiotic treatment in the control groups is included in the number of antibiotic courses.
CI, credible intervals; OR, odds ratio; IRR, incidence rate ration, Ibu, ibuprofen; Dic, diclofenac; T, treatment group (non-antibiotic treatment); C, control group (immediate antibiotics); AB, antibiotic.


	A)
	

	B)
	




Figure 3: Effect moderators and prognostic indicators for several outcomes.
A) Moderators of the treatment effect. The first line shows the overall effect of strategies to reduce antibiotic use versus immediate antibiotics. The following lines indicate the effects when one or two moderators were considered. Analyses were calculated on the basis of the entire sample.
B) Prognostic indicators for the outcomes incomplete recovery, subsequent antibiotic treatment and pyelonephritis/febrile UTI. Multivariable regression analyses were calculated in patients treated with non-antibiotic treatments.
OR, odds ratio; Ery, erythrocytes; UC, urine culture; UTI, urinary tract infection.
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