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ABSTRACT
Objectives  To estimate the cost-effectiveness of 
methenamine hippurate compared with antibiotic 
prophylaxis in the management of recurrent urinary tract 
infections.
Design  Multicentre, open-label, randomised, non-
inferiority trial.
Setting  Eight centres in the UK, recruiting from June 2016 
to June 2018.
Participants  Women aged ≥18 years with recurrent 
urinary tract infections, requiring prophylactic treatment.
Interventions  Women were randomised to receive once-
daily antibiotic prophylaxis or twice-daily methenamine 
hippurate for 12 months. Treatment allocation was not 
masked and crossover between arms was allowed.
Primary and secondary outcome measures  The 
primary economic outcome was the incremental cost per 
quality-adjusted life year (QALY) gained at 18 months. All 
costs were collected from a UK National Health Service 
perspective. QALYs were estimated based on responses 
to the EQ-5D-5L administered at baseline, 3, 6, 9, 12 
and 18 months. Incremental costs and QALYs were 
estimated using an adjusted analysis which controlled 
for observed and unobserved characteristics. Stochastic 
sensitivity analysis was used to illustrate uncertainty 
on a cost-effectiveness plane and a cost-effectiveness 
acceptability curve. A sensitivity analysis, not specified 
in the protocol, considered the costs associated with 
antibiotic resistance.
Results  Data on 205 participants were included in the 
economic analysis. On average, methenamine hippurate 
was less costly (−£40; 95% CI: −684 to 603) and more 
effective (0.014 QALYs; 95% CI: −0.05 to 0.07) than 
antibiotic prophylaxis. Over the range of values considered 
for an additional QALY, the probability of methenamine 
hippurate being considered cost-effective ranged from 
51% to 67%.
Conclusions  On average, methenamine hippurate was 
less costly and more effective than antibiotic prophylaxis 
but these results are subject to uncertainty. Methenamine 
hippurate is more likely to be considered cost-effective 

when the benefits of reduced antibiotic use were included 
in the analysis.
Trial registration number  ISRCTN70219762.

INTRODUCTION
Urinary tract infections (UTIs) are common 
in adult women with up to 50% experiencing 
at least a single episode during their life-
time.1–3 Of women who experience a UTI, 
20%–30% of episodes will become recurrent 
urinary tract infections (rUTIs).2 4 UTIs have 
a high economic burden, affect quality of life 
and lead to time off work and usual activities.5 
Additionally, the burden of UTIs is likely to 
increase due to antibiotic resistance.6 The 
burden of UTIs has been shown to be an 
international problem and there is emerging 
evidence of a globally rising trend in the 
burden of UTIs.7 8 Identifying a cost-effective 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Data used were collected and analysed following a 
prespecified health economics analysis plan, which 
followed best practice methods. These data were 
collected as part of the study and thus ensure robust 
and generalisable results.

	⇒ This study employed techniques for handling miss-
ing data, allowing us to maximise the richness of 
the available data used in the analysis. Sensitivity 
analyses were also used to test the robustness of 
these results.

	⇒ The inclusion of the economic cost of antimicrobial 
resistance as a sensitivity analysis is a key strength 
of this paper.

	⇒ Participant overburden contributed to progressive 
loss to response rates, particularly to the participant 
self-reported cost questionnaires, which limited the 
quantity of complete data available.
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management strategy for rUTIs is vital. Current inter-
national guidelines recommend low-dose antimicrobial 
therapy in the prevention of rUTIs which has been shown 
to reduce the recurrence rate by up to 80%.3 9 10 Antibiotic 
prophylaxis has been shown to be both clinical effective 
and cost-effective in the management of rUTIs compared 
with no prophylaxis.11

However, the global progression of antimicrobial 
resistance (AMR) has led to calls for more judicious 
prescribing of antibiotic agents to halt the progression 
of AMR.12 13 Consequently, alternatives to antimicrobial 
therapy in the prevention of rUTIs have been investigated 
and methenamine hippurate (an oral antiseptic) has 
shown promising effectiveness results.14 15 Methenamine 
hippurate is a urinary antiseptic. The compound is 
metabolised to formaldehyde in the kidneys, and this has 
a bacteriostatic effect.15 It can be used to treat or help 
to treat rUTI but there is limited information available 
on the cost-effectiveness of methenamine hippurate 
compared with antibiotic prophylaxis. To our knowl-
edge, no study has determined the clinical-effectiveness 
and cost-effectiveness of methenamine hippurate in the 
management of rUTI.

The ALternatives To prophylactic Antibiotics for the 
treatment of Recurrent urinary tract infection in women 
(ALTAR) trial was a multicentre, pragmatic, open-label 
randomised non-inferiority trial evaluating the clinical-
effectiveness and cost-effectiveness of the urinary anti-
septic methenamine hippurate for the prevention of 
rUTI and comparing it to the current standard treatment 
of low-dose antibiotic prophylaxis.16 This paper reports 
the results of the economic evaluation which was under-
taken alongside the clinical trial. Trial clinical outcomes 
are presented elsewhere.17

METHODS
Reporting for this trial follows the Consolidated Health 
Economic Evaluation Reporting Standards.18 The ALTAR 
trial was conducted across eight sites in England and Scot-
land. A description of the trial design, inclusion criteria 
and clinical-effectiveness outcomes is presented else-
where.16 17 The analysis was prespecified and presented in 
a health economic analysis plan.19 The perspective chosen 
for the economic analysis was the UK National Health 
Service and personal social services. Costs and effects that 
were incurred after 12 months were discounted at 3.5%.20 
Data analysis was conducted using both R and STATA soft-
ware.21 22

Estimation of costs
Costs were based on the intervention medications, the 
use of healthcare services, medications used to manage 
UTIs and concomitant medications, and, in a sensitivity 
analysis, the cost of AMR was estimated.

Intervention medications varied depending on the 
treatment arm participants were randomised to. Partic-
ipants randomised to the antibiotic prophylaxis arm 

received a once-daily low-dose antibiotic. Participants 
randomised to the methenamine hippurate arm received 
a twice-daily dose of methenamine hippurate. Both medi-
cations were prescribed for 12 months. Following this, 
data were still collected on participants for 6 months, 
until 18 months post-randomisation.

Healthcare service use was comprised of both primary 
and secondary care use. Primary care use included consul-
tations with general practitioners (GPs) and nurses which 
could occur at a GP practice, at home, via telephone or 
out-of-hours. Secondary care use included accident and 
emergency attendances, outpatient visits, hospital admis-
sions and telephone or out-of-hours consultations with a 
hospital doctor. These data were captured via a bespoke 
self-completed health utilisation questionnaire which 
was administered at baseline, 3, 6, 9, 12 and 18 months 
post-randomisation.

If a woman experienced a UTI during their 18-month 
follow-up they were prescribed a course of antibiotics, 
regardless of their randomised allocation. Information on 
the type and duration of antibiotics was captured in Case 
Report Forms (CRFs).16 Information on the concomi-
tant medications taken by participants was collected in a 
separate concomitant medications CRF. For all medica-
tions, where dosage and frequency data were incomplete, 
assumptions were informed using the British National 
Formulary prescribing guidelines.23

Unit costs for medications and healthcare services 
were obtained from routine sources.24–26 Unit costs are 
presented in online supplemental table 1 and all costs are 
in 2019 Great British pounds.

Estimation of total healthcare resource use cost per 
participant was conducted by multiplying the frequency 
of resource use by the corresponding unit cost and 
summing across all healthcare resources used. Similarly, 
the total medication cost per participant, which included 
the intervention medications, medications to treat a 
UTI and concomitant medications, was estimated by 
combining the frequency and dosage information from 
the CRF with the relevant cost. The total cost per partic-
ipant was estimated by summing all healthcare resource 
use and medication costs over the 18-month trial dura-
tion. An average total cost per randomised arm was calcu-
lated by combining the total cost per participant in each 
arm and dividing it by the number of participants in each 
arm with cost data. The difference in the average total 
cost between the treatment arms was estimated.

Estimation of effects
Effectiveness was measured using quality-adjusted life 
years (QALYs). QALYs were based on responses to the 
EQ-5D-5L collected at scheduled timepoints (baseline, 
3, 6, 9, 12, 15 and 18 months post-randomisation) and 
when a UTI episode occurred. The EQ-5D-5L responses 
collected at unscheduled timepoints were incorporated 
in a sensitivity analysis which considered the quality of life 
decrement associated with UTIs. Utility scores were esti-
mated by cross-walking responses to the EQ-5D-5L onto 
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the EQ-5D-3L value set.27 In this framework, utility values 
with higher values correspond to better states of health. 
Utilities were estimated for each participant at each time-
point and these values were combined with time-weights, 
using the area under the curve method, to estimate 
QALYs.28

Dealing with missing data
Costs
Provided that participants had responded to at least one 
question, for a given health utilisation questionnaire, it 
was assumed for the missing questions that they did not 
use this resource and were assigned a cost of zero. This 
approach was chosen to maximise the data available due 
to the granularity of the data.

QALYs
It was anticipated that there would be incomplete 
responses to the EQ-5D-5L questionnaire given the 
frequency of data collection so again assumptions were 
made to maximise the data available. Methods used for 
handling missing utility data followed on from work by 
Shen et al.29 Provided participants had at least 4 out of 
7 responses to the EQ-5D-5L, including baseline, QALYs 
were estimated based on data available. Calculation of 
QALYs assumed that missing EQ-5D-5L data were missing-
at-random (MAR). To validate the MAR assumption, 
t-tests were undertaken on baseline cost and utility data 
to identify whether there were any differences between 
those with complete data and those with missing data.

Cost-effectiveness analysis
Similar to the primary outcome the economic analysis was 
conducted using data from participants who satisfied the 
modified intention-to-treat criteria.17 Average total costs 
and QALYs for each randomised arm were estimated. 
The incremental differences in costs and effects were 
estimated using a seemingly unrelated regression (SUR) 
model.30 Additional variables included in the SUR model 
were baseline costs, baseline utility, baseline severity 
of disease (number of UTIs in previous 6 months) and 
menopausal status.

Based on the SUR results if one intervention was 
more costly and less effective than the comparator it was 
considered to be dominated. If an intervention was not 
dominated, then an incremental cost-effectiveness ratio 
(ICER) was estimated. The ICER is the difference in 
mean costs divided by the difference in mean effects and 
gives an estimate of the incremental cost per additional 
unit of effect.31

Sensitivity analysis
Stochastic sensitivity analyses using non-parametric boot-
strapping were used to estimate the statistical impre-
cision surrounding the estimates of costs, effects and 
cost-effectiveness. Bootstrap replications of the ICER 
were presented on the cost-effectiveness plane.32 Cost-
effectiveness acceptability curves (CEACs) were also 
plotted to illustrate which treatment option maximised 

net benefits at a variety of values for an additional QALY. 
These values varied from £0 to £50 000 per QALY gained.20

Following on from work conducted by Pickard et al,33 a 
sensitivity analysis which incorporated the cost of AMR was 
also undertaken.33 An estimate of the annual cost of AMR 
for the UK population34 was inflated to price year 2019 and 
combined with the total number of antibiotics prescribed 
in the UK35 to identify an AMR cost per prescription 
(£20bn/27m=£741). A mean AMR cost per participant 
was estimated by combining the number of antibiotic 
prescriptions a participant received and the AMR cost per 
prescription. We conservatively assumed that participants 
in the antibiotic prophylaxis arm incurred this AMR cost 
once due to their intervention medication and then each 
time antibiotics were prescribed for a UTI episode. Partic-
ipants in the methenamine hippurate arm only incurred 
the cost of AMR when antibiotics were prescribed during 
a UTI episode.

Patient and public involvement
Patient representatives were involved in the initial plan-
ning stages of this study including defining the primary 
outcome. Patient representatives were invited to join the 
Trial Steering Committee and were involved with the 
interpretation of the findings of this research.

RESULTS
Data on 205 participants (antibiotic prophylaxis (N=102), 
methenamine hippurate (N=103)) were used in the 
economic analysis. As to be expected with self-completed 
questionnaires the was a progressive reduction in response 
rates to both the health utilisation questionnaire and the 
EQ-5D-5L questionnaire.

Missing data were assumed to be MAR as there was no 
evidence of a difference in baseline costs (£16; 95% CI: 
-£200 to £232) or baseline utility (0.03; 95% CI: −0.05 to 
0.11) between those with complete data and those with 
missing data.

Resource use and costs
Table 1 presents the average total costs for each healthcare 
resource by randomised arm. On average, participants 
reported higher costs in the methenamine hippurate arm 
compared with those in the antibiotic prophylaxis arm. 
The difference in average total costs between arms was 
due to intervention medication costs. The daily cost asso-
ciated with methenamine hippurate was higher than the 
daily costs associated with taking a prophylactic antibiotic.

Effectiveness outcomes
Table 2 presents the average utility values at each scheduled 
timepoint and the average total QALYs per randomised 
arm. On average, participants randomised to antibiotic 
prophylaxis reported higher utilities and QALYs than 
those randomised to methenamine hippurate.

Incremental cost-effectiveness
Table 3 presents the incremental cost-effectiveness results 
over the 18-month follow-up. Total average cost and 
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utility data were available for 129 participants (antibiotic 
prophylaxis (N=58), methenamine hippurate (N=71)). 
For the incremental adjusted analysis data were available 
on 121 participants (antibiotic prophylaxis (N=57), meth-
enamine hippurate (N=64)). Based on the unadjusted 
average total costs and QALYs presented in table  3 for 
each randomised arm, methenamine hippurate was, on 
average, more costly and less effective when compared 
with antibiotic prophylaxis. However, in the adjusted 
analysis which estimated the incremental results, meth-
enamine hippurate was, on average, less costly and more 
effective in terms of QALYs gained. Therefore, meth-
enamine hippurate was dominant in the adjusted analysis.

The uncertainty in the cost-effectiveness results is illus-
trated in figures 1 and 2. Figure 1 illustrates the results 
of the 1000 bootstrap iterations and illustrates the uncer-
tainty around the incremental costs and effects estimated 
using the SUR. The iterations are spread across all four 
quadrants which suggests that the incremental results are 
highly uncertain.

Figure  2 illustrates the probability of methenamine 
hippurate being considered cost-effective over different 
willingness to pay thresholds for an additional QALY. 
If we were not willing to pay for an additional QALY 
methenamine hippurate had a 51% probability of being 
considered cost-effective. This probability increased as 

the value placed on an additional QALYs increased but it 
never exceeded 67%.

Sensitivity analysis—the cost of AMR
Participants in the methenamine hippurate arm experi-
enced, on average, more UTI episodes than those in the 
antibiotic prophylaxis arm (unadjusted absolute differ-
ence=0.49 (95% CI: 0.15 to 0.84)).17 On average, the 
cost of AMR per participant was £1471 (95% CI: £1304 to 
£1637) for the antibiotic prophylaxis arm and £1111 (95% 
CI: £881 to £1348) for the methenamine hippurate arm. 
When the cost of AMR was incorporated into the anal-
ysis, methenamine hippurate was, on average, less costly 
and more effective than antibiotic prophylaxis. If we were 
not willing to pay for an additional QALY, methenamine 
hippurate had a 69% probability of being considered cost-
effective. Over the range of threshold values considered 
for an additional QALY, the probability of methenamine 
hippurate being considered cost-effective never exceeded 
76%. These results are presented in online supplemental 
table 2 and online supplemental figures 1 and 2.

DISCUSSION
On average, those randomised to the methenamine 
hippurate arm reported higher overall healthcare costs 

Table 1  Average total costs (£) per randomised arm

Healthcare costs

Antibiotic prophylaxis (N=89) Methenamine hippurate (N=94)

n Mean (SD) n Mean (SD)

Intervention costs 89 89 (76) 94 188 (67)

Concomitant medication costs 89 2 (8) 94 1 (7)

Antibiotic costs (due to UTI) 89 4 (5) 94 8 (28)

Primary care costs 89 201 (265) 94 236 (236)

Secondary care costs 89 636 (1814) 94 580 (876)

Average total NHS costs per participant 89 931 (2015) 94 1013 (1024)

NHS, National Health Service; UTI, urinary tract infection.

Table 2  Mean utilities and QALYs per randomised arm

Antibiotic prophylaxis (N=102) Methenamine hippurate (N=103)

n Mean (SD) n Mean (SD)

Baseline utility 95 0.813 (0.21) 98 0.750 (0.28)

3 months 76 0.792 (0.28) 76 0.765 (0.27)

6 months 64 0.783 (0.26) 76 0.791 (0.21)

9 months 66 0.780 (0.28) 76 0.768 (0.24)

12 months 66 0.764 (0.27) 73 0.743 (0.26)

15 months 60 0.783 (0.26) 69 0.739 (0.28)

18 months 59 0.795 (0.18) 67 0.746 (0.24)

QALYs* (18 months) 58 1.182 (0.35) 71 1.133 (0.34)

*QALYs were estimated for those who had utility data at baseline and at least three other timepoints.
QALYs, quality-adjusted life years.

https://dx.doi.org/10.1136/bmjopen-2023-074445
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than those randomised to the antibiotic prophylaxis arm. 
This difference in costs is largely attributable to the differ-
ence in intervention medication unit costs. The daily 
intervention medication cost of taking methenamine 
hippurate (£0.66) was higher than the average antibiotic 
prophylaxis cost (£0.22) and this difference (£0.44) was 
compounded daily over the 12-month treatment period 
(£160.60=£0.44*365). Otherwise, similar healthcare 
resources were reported in both of the randomised arms.

When considering the unadjusted analysis, meth-
enamine hippurate had on average higher costs and 
lower QALYs than antibiotic prophylaxis. This meant that 
when estimating costs and utilities independently and not 
controlling for covariates, such as baseline utilities and 
costs, methenamine hippurate was dominated by antibi-
otic prophylaxis. However, when the difference in costs 
and QALYs was estimated using SUR, antibiotic prophy-
laxis was no longer the dominant strategy. In the adjusted 
analysis, methenamine hippurate had on average lower 
costs and higher QALYs than antibiotic prophylaxis. 
If we were not willing to pay for an additional QALY, 
methenamine hippurate had a 51% probability of being 
considered cost-effective. If society were willing to pay 
for an additional QALY then the probability that meth-
enamine hippurate was cost-effective compared with anti-
biotic prophylaxis increased as the threshold value for an 
additional QALY increased. This change in conclusions 
could, in part, be explained by the higher average base-
line utility values reported in the antibiotic prophylaxis 
arm (which were not statistically significant (difference 
in baseline utility 0.06; 95% CI: −0.13 to 0.01)). This 

difference in average baseline utility values likely due 
to sampling uncertainty highlights the importance of 
using adjusted models like SUR when using individual 
patient data.36 Additionally, the change in our conclu-
sions could be attributable to the decreased number of 
participants included in the adjusted analysis. There were 
fewer participants with complete data included in the 
adjusted analysis as the simultaneous estimation of costs 
and effects required that participants were not missing 
data in either the dependent variables (costs and QALYs) 
or the independent variables. Ultimately, the variation 
in our conclusions across each type of analysis highlights 
the imprecision in our estimates and the uncertainty in 
our conclusions. However, given the wide confidence 
intervals surrounding the difference in costs and effects, 
there does not appear to be strong economic evidence to 
support the adoption of one treatment over the other in 
the management of rUTIs in women. Therefore, other 
factors need to be considered such as women’s prefer-
ences for each treatment and other clinical consider-
ations such as antibiotic resistance. It is for this reason 
that we considered the cost associated with AMR in the 
economic analysis.

The inclusion of an AMR cost per prescription led to a 
relative increase in average total cost in both randomised 
arms however, it was greater in the antibiotic prophy-
laxis arm despite this arm reporting, on average, fewer 
UTI episodes. After the inclusion of the cost of AMR into 
the economic evaluation, our conclusions based on the 
adjusted analysis were unchanged with methenamine 
hippurate dominating antibiotic prophylaxis. A conser-
vative assumption was made for the antibiotic prophy-
laxis arm by only assigning the AMR cost associated 
with randomised treatment once. It is likely that larger 

Figure 1  Cost-effectiveness plane. QALYs, quality-adjusted 
life years.

Figure 2  Cost-effectiveness acceptability curve. QALY, 
quality-adjusted life year.

Table 3  Cost-utility results

Strategy Cost (£) (SD)
Incremental cost (£) 
(95% CI)* QALYs (SD)

Incremental QALYs
(95% CI)* ICER

Antibiotic prophylaxis 931 (2015) 1.182 (0.35)
Methenamine hippurate 1013 (1024) −40 (−684 to 603) 1.133 (0.35) 0.014 (−0.05 to 0.07) Dominant

*Incremental results based on adjusted analysis n=121 (antibiotic prophylaxis, n=57; methenamine hippurate, n=64).
ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years.
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differences in costs would be observed if other assump-
tions were made. The inclusion of AMR costs increases the 
level of confidence in our conclusions as the probability of 
methenamine hippurate being considered cost-effective 
increased to 76% at the current NICE willingness-to-pay 
threshold value,20 although more robust estimates of the 
cost of AMR are needed.37

Although our study was conducted in a secondary care 
setting, there are other reports38 describing research 
carried out in primary care that have also shown signif-
icant reductions in UTI frequency and antibiotic use. 
The definition of rUTI is now widely accepted (patients 
who experienced 3 UTIs in the preceding year) and this 
ensures comparable study populations irrespective of the 
trial setting. Other studies, currently in progress should 
confirm that the clinical results from our trial can be 
generalised across both primary and secondary care.39

The economic analysis had several strengths. We 
used missing data methods used previously by Shen et 
al,29 which enabled us to maximise the quantity of data 
available to use in the analysis.29 Additionally, another 
strength of the analysis was that the trial was pre-planned 
and the data used were collected as part of a randomised 
non-inferiority trial.16

The inclusion of the economic cost of AMR as a sensi-
tivity analysis is another key strength of the analysis. 
Studies have shown that the economic cost of AMR is 
non-zero and failing to include this cost in evaluation can 
lead to misleading results.16 37 In light of this, while the 
cost of AMR was not measured directly in the trial, infor-
mation from secondary sources was used to incorporate 
the cost of AMR into the analysis.

However, the economic analysis is not without limita-
tions. As mentioned in the results, the analysis was limited 
by a progressive loss in response rates to self-completed 
questionnaires. Although, we were able to overcome this 
through the use of missing data methods.29 The reduction 
in response rates over time is consistent with other studies 
in this area with similar data collection timepoints.11 
Recommendations for future research in this area would 
be to consider the balance of reliable recall and partici-
pant burden, we would suggest 6-monthly recall for both 
cost and utility data. The AMR costs derived by Pickard et 
al33 are subject to uncertainty, however, even though we 
made conservative assumptions, methenamine hippurate 
was the preferred management strategy when AMR costs 
were considered.33

CONCLUSION
In the primary economic analysis, there does not appear 
to be strong economic evidence to support the adoption 
of one treatment over the other in the management of 
rUTIs in women. However, when the costs of antibiotic 
resistance were considered, methenamine hippurate had 
a 76% probability of being considered cost-effective at a 
£20 000 cost per QALY threshold.

Take home message
There is no strong economic evidence to support the 
adoption of either methenamine hippurate or antibi-
otic prophylaxis in the management of rUITs. Other 
factors need to be considered when offering treatment to 
women, including the effect of AMR. When the economic 
cost of AMR was considered, methenamine hippurate was 
the preferred treatment option and had a 76% proba-
bility of being considered cost-effective if we were willing 
to pay £20 000 for an additional QALY.
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