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Objectives: Recurrent urinary tract infections (UTIs) are a problem affecting both women and men. Animal
experiments and in vitro studies indicate that statins might prevent recurrent UTIs. We assessed the effects
of pravastatin on UTI antibiotic prescribing among adults.

Methods: A post hoc analysis was conducted with data from PREVEND IT, a trial among participants rando-
mized to receive pravastatin, fosinopril or placebo in a 2×2 factorial design over 4 years. Trial data were
linked to the pharmacy prescription database IADB.nl. The primary outcome was the number of prescriptions
with a nitrofuran derivate, a sulphonamide or trimethoprim as a proxy for UTI antibiotic prescribing. Generalized
estimating equations were used to estimate the effect on the number of UTI antibiotic prescriptions. Cox re-
gression was used to determine the effect on first and second (recurrent) UTI antibiotic prescriptions.

Results: Of the 864 trial participants, 655 were eligible for analysis. During an average follow-up of 3.8 years,
112 (17%) participants received at least one UTI antibiotic prescription. Intention-to-treat analyses showed
that pravastatin was associated with a reduced total number of UTI antibiotic prescriptions (relative risk,
0.43; 95% CI, 0.21–0.88) and occurrence of second UTI antibiotic prescriptions [hazard ratio (HR), 0.25; 95%
CI, 0.08–0.77]. No significant effect on occurrence of first UTI antibiotic prescriptions was found (HR, 0.83;
95% CI, 0.57–1.20). Fosinopril was associated with an increased occurrence of first UTI antibiotic prescriptions
(HR, 1.82; 95% CI, 1.16–2.88). Combination therapy with fosinopril and pravastatin did not significantly influ-
ence the number of UTI antibiotic prescriptions.

Conclusions: This study suggests that pravastatin can reduce the occurrence of recurrent UTIs. Larger studies
among patients with recurrent UTIs are warranted.
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Introduction
Urinary tract infections (UTIs) are one of the most common bac-
terial infections in humans.1 Cystitis in particular is very common,
with an annual incidence of 70 per 1000 women and 10 per
1000 men.1 Recurrent UTIs are a considerable problem, affecting
�25% of women within 6 months of an acute UTI episode.2 Re-
current UTIs are also a problem in men.3

Recently, it has been shown that uropathogenic Escherichia
coli are invasive to bladder and kidney epithelial cells.2 Bacterial
invasion facilitates the establishment of a quiescent intracellular
reservoir (QIR).2 The bacteria that form the QIR can persist for
months following initial infection, resist antibiotic treatment4

and can serve as the source for recurrent UTIs.5

Bacterial invasion into the bladder epithelium involves Rac1, a
Rho GTPase.6 – 9 Because statins can reduce the amount of Rac1
associated with the membrane,10 – 14 they might inhibit bacterial
invasion. Pre-clinical studies indicate that statins indeed can
reduce bacterial invasion.9,15 – 17

This might prevent the formation of a QIR. Therefore, we
hypothesized that statins may reduce the occurrence of recur-
rent UTIs, as their source could be removed. Statin treatment
may result in a decreased duration or severity of first UTIs, but
their occurrence is most likely less affected, since removing the
source of recurrent UTIs does not substantially influence the oc-
currence of first (non-recurrent) UTIs.

Two observational studies assessed the effect of statins on
the risk of contracting UTIs. One found that statin therapy was
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associated with a 9% decreased UTI risk,18 whereas the other
observed a 5% increased risk.19 These studies were vulnerable
to unmeasured confounding bias, because both studies were non-
randomized and important risk factors for UTIs, such as kidney
disorders and/or urinary tract abnormalities, were not measured
and patients having these conditions were not excluded.

Hence, we investigated the effect of statins on the occurrence
of (recurrent) UTIs using a randomized design. Data from the
Prevention of REnal and Vascular ENdstage Disease Intervention
Trial (PREVEND IT)20 were linked to a large prescription database
to estimate post hoc the effect of pravastatin on the occurrence
of UTIs compared with placebo. We further assessed whether
the effect was larger for subsequent UTIs than for first UTIs.

Materials and methods
PREVEND IT is a randomized, double-blind, placebo-controlled trial with a
2×2 factorial design, which aimed to determine whether treatment with
pravastatin and/or fosinopril can prevent cardiovascular and renal
disease in non-hypertensive, non-hypercholesterolaemic adults with per-
sistent microalbuminuria. Participants were randomized to 40 mg of pra-
vastatin or matching placebo and to 20 mg of fosinopril or matching
placebo. Details of the PREVEND IT objectives, design and methods
have been described previously20,21 and are summarized below.

The PREVEND IT study protocol was approved by the institutional
review board of the University Medical Center Groningen and was con-
ducted in accordance with the guidelines of the Declaration of Helsinki.
Informed consent was obtained from all participants before randomiza-
tion. The key entry criteria for participation in PREVEND IT were persistent
microalbuminuria (one urinary albumin concentration .10 mg/L in an
early morning spot urine test and at least one of 15–300 mg/24 h in
two 24 h urine samples), absence of antihypertensive and lipid-lowering
medication, blood pressure ,160/100 mmHg and total cholesterol ,8.0
or ,5.0 mmol/L in the case of previous myocardial infarction. From April
1998 to June 1999, 864 subjects were included in PREVEND IT and were
randomized to the study medication for 4 years.

Most participants in PREVEND IT were inhabitants of the city of Gro-
ningen. The IADB.nl database (IADB), a community-based pharmacy
database, contains detailed patient-specific drug prescription information
on almost all inhabitants of the city of Groningen22 and was linked to
PREVEND IT data. The IADB contains, among other data, information on
the date of prescription, number of days the drug was prescribed for and
the number of defined daily doses based on the WHO definition.22 Prescrip-
tion drugs are classified according to the Anatomical Therapeutic Chemical
(ATC) system and the IADB population is considered representative of the
Dutch population in terms of drug use.23 All PREVEND IT participants
included in this study gave informed consent to link their data with
pharmacy-dispensing data.

For the present post hoc analyses, individuals were excluded if no phar-
macy data during the 6 months prior to the start of the trial could be linked.
Further, individuals who received a prescription of nitrofurantoin, a sul-
phonamide or trimethoprim (used as a proxy for UTI antibiotic prescribing,
see outcome definitions) during this pre-trial period were excluded.

Outcome definitions
The primary outcome was defined as the number of prescriptions with
nitrofurantoin (ATC code J01XE) or sulphonamides or trimethoprim (ATC
code J01E) during follow-up. To exclude relapses due to insufficient or in-
correct treatment, a new UTI antibiotic prescription was defined as a UTI
antibiotic prescription occurring ≥30 days after a previous UTI antibiotic pre-
scription. During the research period (1998–2003), in 96% of the cases that
nitrofurantoin was prescribed in the Netherlands, it was prescribed for a

UTI.24 For sulphonamides or trimethoprim the corresponding specificity
was 82%.24 The sensitivity of our proxy was estimated at 75%.24,25

Statistical analyses
Statistical analyses were performed according to the intention-to-treat
(ITT) and per-protocol principles, with the use of two-sided tests and
STATA 12 and SPSS 18 software.

For ITT analyses, follow-up time was defined as the period from the
date of the start of study medication use to the end of the trial
(4 years) or right censoring (loss to follow-up) in the prescription data-
base. The association between the treatment arm and number of UTI
antibiotic prescriptions was determined using a multivariate negative bi-
nomial generalized estimating equation (GEE) with an autoregressive cor-
relation structure and robust standard errors, and the results are
presented as the relative risk (RR) with the corresponding 95% confidence
interval (95% CI). We clustered on the patient level, because the risk of
contracting a UTI increases after a first UTI2,26,27 and UTI antibiotic pre-
scriptions within one person are consequently correlated, especially when
following shortly one after another. ITT time-to-event analyses were per-
formed with Cox regression to estimate the effect on the first (time to
first UTI antibiotic prescription) or subsequent UTI antibiotic prescriptions
(time between first and second UTI antibiotic prescription), with the
results presented as hazard ratios (HR) and 95% CIs.

Per-protocol analyses were performed using the same regression
techniques as for the ITT analyses. Follow-up time was defined as the
period from the start of study medication use to the moment the partici-
pant did not adhere to the study protocol. Possible reasons were non-
adherence to the study medication, crossover between treatment
groups, use of study medication outside the study protocol or right cen-
soring in the prescription database.

We further explored in separate analyses the effect of fosinopril. Treat-
ment with angiotensin-converting enzyme inhibitors (ACEIs) can result in a
decrease of the urine output in healthy elderly persons.28 We therefore sec-
ondarily hypothesized that fosinopril may increase the risk of UTIs and that
effect modification may be present for recurrent infections, but not for first
infections. Effect modification on an additive scale was assessed by incorp-
orating an interaction term between fosinopril and pravastatin into the
models. Because power calculations showed that our study likely lacked
statistical power for identifying effect modification, especially for the ana-
lysis of time between first and second events, a P value of ,0.2 was con-
sidered significant for analyses of interactions.29 For Cox regression
analyses, we used the delta method to calculate the CIs for the relative
excess risk due to interaction (RERI) on an additive scale.30 Given the bio-
logical mechanism that could explain an interaction between fosinopril
and pravastatin for recurrent infections, pravastatin and combination
therapy were analysed separately. We also calculated the effect of pravas-
tatin, regardless of possible effect modification by fosinopril.

Results

ITT analyses

Of the 864 trial participants, 655 could be included in the ana-
lyses (Table 1). Reasons for exclusion were receiving a UTI anti-
biotic prescription in the 6 months prior to the study (placebo,
n¼6; pravastatin, n¼3; fosinopril, n¼4; and combination
therapy, n¼3) or having no pharmacy data available during
the full 6 months prior to the study (placebo, n¼41; pravastatin,
n¼56; fosinopril, n¼51; and combination therapy, n¼45).
Excluded patients were more frequently male, were slightly
younger and had a higher glomerular filtration rate than patients
that met the inclusion criteria.

Pravastatin and recurrent UTIs
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During an average follow-up of 3.8 years, 17 subjects (11%)
allocated to pravastatin received at least one UTI antibiotic pre-
scription. For placebo, fosinopril and combination therapy, these
numbers were 34 (20%), 30 (19%) and 31 (18%), respectively. Of
those subjects allocated to pravastatin that received a first UTI
antibiotic prescription, four (24%) subjects experienced also a
second UTI during follow-up. For subjects allocated to placebo,
fosinopril and combination therapy, these figures were 16
(47%), 15 (50%) and 11 (35%), respectively. Of all men, 38
(19%) received a UTI antibiotic prescription, while 74 (60%)
women received a UTI antibiotic prescription during follow-up.
The use of other antibiotics used to treat UTIs and commonly
prescribed drugs during follow-up was similar in all groups
(Table 2).

GEE analysis showed that pravastatin reduced the number of
UTI antibiotic prescriptions (RR, 0.43; 95% CI, 0.21–0.88) com-
pared with placebo. Pravastatin further reduced the hazard of
a first UTI antibiotic prescription (HR, 0.58; 95% CI, 0.32–1.03;
Figure 1) and second UTI antibiotic prescription (HR, 0.25; 95%
CI, 0.08–0.77; Table 3). Allocation to combination therapy was
not associated with the number of UTI antibiotic prescriptions

(RR, 1.04; 95% CI, 0.57–1.89) or the hazard of a first UTI antibiot-
ic prescription (HR, 1.07; 95% CI, 0.66–1.75). A non-significant
reduction in the occurrence of second UTI antibiotic prescriptions
was observed in those patients (HR, 0.48; 95% CI, 0.22–1.05).

At an a level of 0.20, there was a significant interaction on an
additive scale between fosinopril and pravastatin, when evaluating
the time between first and second UTI antibiotic prescription (RERI,
24.13; 80% CI, 28.07 to 20.19) and the total number of UTI anti-
biotic prescriptions (P¼0.10). In contrast, there was no significant
interaction between fosinopril and pravastatin for the time to
first UTI antibiotic prescription (RERI, 20.59; 80% CI, 21.78–0.60).

Pravastatin versus no pravastatin and fosinopril
versus no fosinopril

When pravastatin was compared with no pravastatin, a non-
significant reduction in the risk of receiving UTI antibiotic pre-
scriptions (RR, 0.71; 95% CI, 0.44–1.15) was found. Pravastatin
treatment further resulted in a non-significant reduction in the
hazard of receiving a first UTI antibiotic prescription (HR, 0.83;
95% CI, 0.57–1.20), but a significant reduction in the hazard of

Table 1. Baseline characteristics (n¼655)

Characteristics
Placebo
(n¼169)

Pravastatin
(n¼158)

Fosinopril
(n¼160)

Pravastatin+ fosinopril
(n¼168)

Excluded patients
(n¼209)

Age (years) 50.6+11.6 51.5+11.7 50.3+11.5 51.5+12.1 47.6+11.7
Male gender (%) 59.2 65.8 59.4 64.9 73.2
Systolic blood pressure (mm Hg) 131.8+16.0 132.5+17.4 132.0+16.0 130.9+16.6 130.7+15.0
Diastolic blood pressure (mm Hg) 76.6+9.7 76.9+8.3 76.5+9.0 76.3+9.0 75.7+9.1
Total cholesterol (mmol/L) 5.6+1.0 5.6+0.9 5.8+1.0 5.8+1.0 5.6+1.0
Serum creatinine (mmol/L) 82.6+13.5 83.4+12.9 84.4+14.1 86.6+14.7 85.0+13.3
Urinary albumin excretion (mg/24 h)a 24.6 (26.3) 22.1 (22.4) 25.5 (21.8) 23.9 (26.8) 22.6 (23.5)
eGFR, (mL/min/1.73 m2) 73.6+28.9 70.3+32.6 73.4+28.1 70.8+30.2 84.2+13.2
Body mass index (kg/m2) 27.5+4.9 26.9+4.7 27.0+4.3 27.0+4.1 26.1+4.3
Smoking (%) 52.1 49.4 40.6 49.4 52.2
Blood pressure-lowering medication (%) 2.4 1.3 0 3.0 1.9
Glucose-lowering medication (%) 1.8 1.3 0 3.0 0
Lipid-lowering medication (%) 1.2 0.6 1.3 1.2 1.0

Abbreviations: eGFR, estimated glomerular filtration rate.
aValues are medians (IQR).

Table 2. Drug use during follow-upa

Drug Placebo Pravastatin Fosinopril Pravastatin+ fosinopril

Total other antibiotics 84 (50%) 88 (56%) 79 (49%) 94 (56%)
Other antibiotics used for UTI treatment

(amoxicillin, amoxicillin/clavulanate, quinolones)
47 (28%) 44 (28%) 44 (28%) 54 (32%)

NSAIDs 86 (51%) 88 (56%) 85 (53%) 98 (58%)
Drugs for acid-related disorders 33 (20%) 33 (21%) 39 (24%) 38 (23%)
Antifungals for dermatological use 32 (19%) 33 (21%) 36 (23%) 40 (24%)

Abbreviations: NSAIDs, non-steroidal anti-inflammatory drugs; UTI, urinary tract infection.
aData presented as number of persons receiving at least one prescription during follow-up.
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Figure 1. ITT time to first UTI antibiotic prescription after starting
placebo, pravastatin, fosinopril or combination therapy with pravastatin
and fosinopril. Survival curves are adjusted for gender.

Table 3. ITT analyses

Characteristics Total number of UTIs Risk of UTI (RR, 95% CI)a Hazard of first UTI (HR, 95% CI)a Hazard of second UTI (HR, 95% CI)b

Placebo 66 Ref. Ref. Ref.
Pravastatin 25 0.43 (0.21–0.88) 0.58 (0.32–1.03) 0.25 (0.08–0.77)
Pravastatin+ fosinopril 62 1.04 (0.57–1.89) 1.07 (0.66–1.75) 0.48 (0.22–1.05)

Pravastatin versus no pravastatin
no pravastatin 130 Ref. Ref. Ref.
pravastatin 87 0.71 (0.44–1.15) 0.83 (0.57–1.20) 0.48 (0.25–0.89)

Abbreviations: UTI, urinary tract infection; RR, relative risk; CI, confidence interval; HR, hazard ratio; Ref., reference category.
aAdjusted for gender.
bAdjusted for urinary albumin excretion.
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Figure 2. Per-protocol time to first UTI antibiotic prescription after
starting placebo, pravastatin, fosinopril or combination therapy with
pravastatin and fosinopril. Survival curves are adjusted for gender.

Table 4. Per-protocol analyses

Characteristics Total number of UTIs Risk of UTI (RR, 95% CI)a Hazard of first UTI (HR, 95% CI)a Hazard of second UTI (HR, 95% CI)b

Placebo 36 Ref. Ref. Ref.
Pravastatin 15 0.54 (0.23–1.28) 0.83 (0.40–1.73) 0.19 (0.38–0.95)
Pravastatin+ fosinopril 41 1.39 (0.64–3.02) 1.79 (0.97–3.31) 0.43 (0.15–1.23)

Pravastatin versus no pravastatin
no pravastatin 80 Ref. Ref. Ref.
pravastatin 56 0.79 (0.46–1.37) 1.02 (0.65–1.59) 0.53 (0.46–1.37)

Abbreviations: UTI, urinary tract infection; RR, relative risk; CI, confidence interval; HR, hazard ratio; Ref., reference category
aAdjusted for gender.
bAdjusted for urinary albumin excretion.
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a second UTI antibiotic prescription (HR, 0.48; 95% CI, 0.25–0.89;
Table 3). When compared with no fosinopril, allocation to fosinopril
resulted in a non-significant increase in the hazard of receiving a
first UTI antibiotic prescription (HR, 1.28; 95% CI, 0.89–1.86).

Per-protocol analyses

During an average time at risk of 2.7 years, 12 subjects (8%) allo-
cated to pravastatin received at least one UTI antibiotic prescrip-
tion. These figures were 18 (11%), 24 (15%) and 24 (14%) for
placebo, fosinopril and combination therapy, respectively.

Of the pravastatin-treated subjects that received a first UTI
antibiotic prescription, two (17%) also received a second one.
For placebo, fosinopril and combination therapy, these
numbers were 7 (39%), 10 (42%) and 8 (33%), respectively. In
total, 27 (13%) males and 51 (43%) females received a UTI anti-
biotic prescription.

Per-protocol analysis showed that pravastatin resulted in a
non-significant reduction in the frequency of UTI antibiotic pre-
scriptions (RR, 0.54; 95% CI, 0.23–1.28) and the occurrence of
first UTI antibiotic prescriptions (HR, 0.83; 95% CI, 0.40–1.73;
Figure 2) when compared with placebo (Table 4). The occurrence
of second UTI antibiotic prescriptions was significantly reduced
(HR, 0.19; 95% CI, 0.38–0.95) with pravastatin treatment.

Combination therapy resulted in a non-significant increase in
the risk of receiving UTI antibiotic prescriptions (RR, 1.39; 95% CI,
0.64–3.02) and the hazard of a first UTI antibiotic prescription
(HR, 1.79; 95% CI, 0.97–3.31). This combination therapy resulted
in a non-significant reduction in the occurrence of second UTI
antibiotic prescriptions (HR, 0.43; 95% CI, 0.15–1.23).

Pravastatin versus no pravastatin and fosinopril
versus no fosinopril

When comparing pravastatin with no pravastatin, a non-significant
reduction in the frequency of UTI antibiotic prescriptions in the pra-
vastatin treatment group was found (RR, 0.79; 95% CI, 0.46–1.37)
(Table 4). Pravastatin treatment had no effect on the time to first
UTI antibiotic prescription (HR, 1.02; 95% CI, 0.65–1.59) and
resulted in a non-significant reduction in the hazard of receiving
a second UTI antibiotic prescription (HR, 0.53; 95% CI, 0.46–
1.37). If fosinopril was compared with no fosinopril therapy, a
significant increase in the hazard of receiving a first UTI antibiotic
prescription was found (HR, 1.82; 95% CI, 1.16–2.88).

Discussion
We found that allocation to pravastatin without coadministration
of fosinopril was associated with a reduction in the number of UTI
antibiotic prescriptions and the hazard of a second (recurrent) UTI
antibiotic prescription, but had no influence on first UTI antibiotic
prescriptions. The results of the per-protocol and ITT analyses were
not substantially different from each other. The observed differ-
ence between second and first UTI antibiotic prescriptions is com-
patible with our hypothesis that statins exert a higher effect on
recurrent UTIs than on first UTIs.

Per-protocol analysis further showed an increased hazard
of receiving a first UTI antibiotic prescription in patients using
fosinopril, indicating that fosinopril increases the risk of contract-
ing UTIs.

Together with the finding that exfoliated intracellular bacterial
communities and filamentous bacteria are present in the urine
samples of women with acute cystitis,31 our results indicate
that QIR formation also occurs in humans. The finding that pra-
vastatin can reduce the occurrence of (recurrent) UTI antibiotic
prescriptions is further supported by the correlation found
between elevated cholesterol levels and an increased incidence
of UTIs in children.32

Previously, a population-based non-randomized study ob-
served a small increased risk of contracting UTIs associated with
statin use (HR, 1.05; 99% CI, 1.00–1.11).19 By exploring the
effect on time to first events, most of the UTIs in that study
were likely first UTIs, on which the effect of statin therapy in our
study was limited. This limited effect on first UTIs might also
explain why no significant effect is found on the total number of
UTI antibiotic prescriptions in our per-protocol analysis. After all,
more than half of the total number of UTI antibiotic prescriptions
was a first UTI antibiotic prescription.

Another non-randomized study observed a smaller decrease in
the number of UTIs associated with statin use (OR, 0.91; 95% CI,
0.85–0.98)18 than we estimated using either the per-protocol
(RR, 0.54; 95% CI, 0.23–1.28) or ITT analyses (RR, 0.43; 95% CI,
0.21–0.88). This difference in the magnitude of the effect estimate
might be caused by unmeasured confounding due to the non-
randomized character of that study and the lack of information
on potentially important risk factors for UTIs.18

An alternative explanation of our findings could be that UTIs
might have been treated with other antibiotics more frequently
in the pravastatin group. Therefore, we evaluated the use of
amoxicillin, amoxicillin/clavulanate and quinolones as, together
with our proxy, these antibiotics cover .98% of all UTIs that
are treated with antibiotics. The similar use of these other anti-
biotics is not in accordance with this alternative explanation.

Another alternative hypothesis could be that by reducing
membrane-associated Rac1, patients on pravastatin have a
much higher bacterial load prior to active disease and are thus
be more likely to have systemic disease instead of UTIs.
However, the number of persons that received other antibiotics
was similar between the placebo and pravastatin groups, indicat-
ing that patients allocated to pravastatin did not receive more al-
ternative antibiotics. We did not assess whether patients on
pravastatin were more frequently hospitalized for bacteraemia
or sepsis, as such hospitalizations are likely very uncommon in
our small and relatively healthy study population.33,34

The similar use of other commonly used drugs among the dif-
ferent treatment groups indicates that the pravastatin-treated
patients were also not less likely to receive drug prescriptions
in general.

An important strength of our study is the analysis of data
from a randomized placebo-controlled trial, thereby limiting po-
tential unmeasured confounding. Although we excluded some
patients, primarily because of unsuccessful linkage of pharmacy
data to study participants, measured potential confounders were
equally distributed between treatment groups for the primary
analysis, except for a small difference in gender. This indicates
that unmeasured potential confounders were also likely equally
distributed between the treatment groups.

Our study has potential limitations. First, we used specific
antibiotic prescriptions obtained from a pharmacy description
database as a proxy for UTIs. The sensitivity and specificity are
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based on studies using data from the Second Dutch National
Survey of General Practice (DNSGP-2).24,25 The patient population
of DNSGP-2 partly overlaps with that of IADB.35,36 Moreover,
because Akkerman et al.24 and Ong et al.25 both estimated the
sensitivity and specificity of our proxy using data from the
same time period as PREVEND IT took place, both high test char-
acteristics are likely also applicable to our study.

In the placebo group, 34 subjects received a first UTI antibiotic
prescription, while based on age- and gender-specific figures
from the general Dutch population (Statistics Netherlands), 22
first UTIs would be expected. However, persons with microalbu-
minuria are at increased risk of developing de novo renal function
impairment.37 Because an impaired renal function might in-
crease the risk for UTIs,38 – 40 the study population might have
had an increased risk of contracting a UTI compared with the
general population.

Although misclassification of the outcome may have oc-
curred, we expect this to be random, because we used the
same objective outcome (i.e. antibiotic prescriptions) for the dif-
ferent treatment groups. Random misclassification of the
outcome across treatment groups biases the effect towards a
null finding (no effect). Therefore, using a proxy has likely not
resulted in an overestimation of the effect of pravastatin.

Second, although we excluded patients (n¼16) who had a
UTI in the previous 6 months based on antibiotic prescriptions,
it is still possible that patients with asymptomatic UTIs during
these months were included. If these patients were unevenly
distributed between treatment groups, this could have resulted
in different baseline risks for the different treatment groups.

Third, although a decrease in the urine output has been shown
in previous studies,28 no studies are available that showed that
ACEIs also increase the occurrence of UTIs. Because bacterial
clearance from the urinary tract is partially dependent on urine
output,41 ACEIs might increase the frequency of UTIs.

Because patients might stop taking fosinopril after expe-
riencing an adverse effect and the increased risk for UTIs is
likely quickly reversible by non-adherence,42,43 the estimated
increased hazard of receiving a first UTI antibiotic prescription
in patients on fosinopril treatment was more clearly present in
per-protocol analysis than in ITT analysis.

This increased risk might be partly due to the concomitant use
of non-steroidal anti-inflammatory drugs (NSAIDs).28 Of patients
treated with fosinopril, 21% received three or more NSAID pre-
scriptions during the time at risk. Moreover, many people buy
NSAIDs over the counter. The interaction between fosinopril
and pravastatin, when evaluating the time between first and
second events, further supports the hypothesis that fosinopril
can increase the risk of contracting UTIs, due to reduced urine
output. Therefore, we do feel that the separated analyses for
pravastatin and combination therapy best present the true
effect of pravastatin for outcomes including recurrent events.

Fourth, this study was not designed and powered for the
current post hoc analysis. Therefore, statistical significance
could not be reached for some of the secondary analyses.
Larger studies with preferably hard endpoints instead of proxies
are needed.

Finally, our study sample was predominantly healthy and
male, and we excluded patients with antibiotic prescriptions for
UTIs in the previous 6 months, which could limit the generaliz-
ability of our results. It is not likely that such individuals who

have no recurrent UTIs and no other indication for treatment
with statins will be treated with a statin to prevent UTIs. There-
fore, future research should preferably focus on individuals with
recurrent UTIs and/or a high risk for recurrent UTIs.

In summary, this post hoc analysis suggests that pravastatin
can reduce the risk of recurrent UTIs, possibly by inhibiting bac-
terial invasion. Larger studies with persons that have a high
risk for recurrent UTIs are needed.
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