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ABSTRACT
Introduction  There is increasing interest in the 
relationship between acute infections and acute 
cardiovascular events. Most previous research 
has focused on understanding whether the risk of 
acute cardiovascular events increases following a 
respiratory tract infection. The relationship between 
urinary tract infections (UTIs) and acute cardiovascular 
events is less well studied. Therefore, the aim of 
this study is to determine whether there is a causal 
relationship between UTI and acute myocardial 
infarction (MI) or stroke.
Methods and analysis  We will undertake a self-
controlled case series study using linked anonymised 
general practice, hospital admission and microbiology data 
held within the Secure Anonymised Information Linkage 
(SAIL) Databank. Self-controlled case series is a relatively 
novel study design where individuals act as their own 
controls, thereby inherently controlling for time-invariant 
confounders. Only individuals who experience an exposure 
and outcome of interest are included.
We will identify individuals in the SAIL Databank 
who have a hospital admission record for acute MI 
or stroke during the study period of 2010–2020. 
Individuals will need to be aged 30–100 during the 
study period and be Welsh residents for inclusion. UTI 
will be identified using general practice, microbiology 
and hospital admissions data. We will calculate the 
incidence of MI and stroke in predefined risk periods 
following an UTI and in ‘baseline’ periods (without 
UTI exposure) and use conditional Poisson regression 
models to derive incidence rate ratios.
Ethics and dissemination  Data access, research 
permissions and approvals have been obtained from the 
SAIL independent Information Governance Review Panel, 
project number 0972. Findings will be disseminated 
through conferences, blogs, social media threads and 
peer-reviewed journals. Results will be of interest 
internationally to primary and secondary care clinicians 
who manage UTIs and may inform future clinical trials of 
preventative therapy.

INTRODUCTION
Since the late 1990s, an increasing number of 
observational studies have found an associa-
tion between acute infections and myocardial 
infarction (MI).1–10 Most studies focused on 
respiratory tract infections (RTIs), and found 
an increased risk of acute MI in the 1–3 days 
following an RTI, with the effect size varying 
according to the infecting organism.2–8 For 
example, Kwong et al found a sixfold increase 
in the risk of MI in the week after influenza 
infection, a fourfold increase after respiratory 
syncytial virus and a threefold increase after 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The self-controlled case series method controls for 
time-invariant confounding, enabling more reliable 
causal estimates of the association between urinary 
tract infection (UTI) and acute myocardial infarction 
(MI) or stroke, compared with between-individual 
study designs.

	⇒ A causal relationship between UTI and acute MI or 
stroke has implications for our understanding of 
cardiovascular disease mechanisms and may in-
form new methods of disease prevention.

	⇒ Using individual-level population-scale anony-
mised, routinely collected electronic health record 
(EHR) data provides adequate power to study sub-
groups and maximises representativeness and 
generalisability.

	⇒ EHR data are collected and recorded for clinical pur-
poses, and therefore, the reliability of research find-
ings is dependent on the quality and completeness 
of these data.

	⇒ Clinical and microbiological diagnoses of UTI are 
subject to caveats, and therefore, we will use sever-
al definitions of UTI that use the different data sourc-
es in the Secure Anonymised Information Linkage 
Databank.
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other respiratory viruses.5 Several studies have also found 
evidence of an association between pneumonia and acute 
cardiovascular events (including MI and stroke).9–13 The 
increased risk of acute cardiovascular events following 
pneumonia infection persists for up to 10 years.9 This 
long-term risk of acute cardiovascular events has also 
been observed after other severe infections, including 
sepsis and bacteraemia.14–17

It is thought that acute infection may cause major 
cardiovascular events through three mechanisms. 
First, the inflammatory response from acute infection 
may destabilise atherosclerotic plaques. Second, the 
prothrombotic, procoagulant state associated with acute 
infection may increase the risk of thrombosis at the site of 
plaque disruption. Third, inflammation and fever lead to 
an increase in heart rate, which may cause ‘demand isch-
aemia’ if the metabolic demands of the myocardial cells 
exceed oxygen supply.1

Urinary tract infections (UTIs) can affect any part of the 
urinary system, including the kidneys, ureters, bladder and 
urethra. Most infections involve the lower urinary tract: 
the bladder and the urethra. UTIs are common infec-
tions, with 37% of women reporting experiencing at least 
one in their lifetime, and 29% experiencing more than 
one.18 UTIs are associated with considerable morbidity. 
The global burden of disease study 2010 estimates the 
disability-adjusted life-years attributable to tubulointer-
stitial nephritis, pyelonephritis and UTI to be 45 (95% 
uncertainty interval 32–55) per 100 000 population.19

The relationship between UTIs and acute cardiovas-
cular events is less well studied than for RTIs. Only one 
previous study has examined this relationship. Smeeth et 
al used the self-controlled case series (SCCS) method to 
analyse data from the General Practice Research Database. 

They found increased rates of MI and stroke subsequent 
to UTI, with the risk being highest in the first 3 days.6 
However, the data analysed are almost 20 years old, and 
there have been no attempts to replicate the findings. 
Furthermore, the study defined UTI using clinical codes 
only, so it is unclear if the reported associations related 
to individuals with clinical symptoms alone, or symptoms 
and bacteriuria, making it difficult to interpret whether 
individuals had true UTIs, or whether non-specific symp-
toms were misdiagnosed as UTI but represented early 
signs of a cardiovascular event. In addition, other studies 
have found that roughly two-thirds of women suspected 
to have UTI on presentation to primary care have no 
evidence of UTI on microbiological culture.20 Therefore, 
the use of clinical codes alone to define UTI may lead to 
bias from misclassification of the exposure.

Therefore, the aim of this study is to determine whether 
there is a causal relationship between UTI and acute MI 
or stroke by analysing linked general practice, hospital 
admission and microbiology data, from a representative 
sample of the Welsh population. We will use the SCCS 
method, which controls for time-invariant confounding, 
enabling us to more reliably draw causal inferences 
between UTI and acute MI or stroke, compared with 
between-individual study designs.

METHODS AND ANALYSIS
Aims and objectives
The specific objectives of this research are to:
1.	 Estimate incidence rate ratios (IRRs) for acute MI and 

stroke in the 90 days following a clinically suspected 
and microbiologically confirmed UTI compared with 
baseline (all times outside of the 90-day risk period).

Table 1  Model assumptions and solutions to violations of those assumptions

Assumption How the assumption applies to this study Solution Example of use of the solution in the literature

Subsequent 
exposures should 
not be affected by 
previous events.

We might see a temporary increase in UTIs subsequent to 
an MI or stroke event, which would bias estimates towards 
the null.

Apply a prerisk period. Gibson et al studied the association between 
prescription drugs and road traffic accidents. As 
some drugs may be used to treat anxiety or pain 
caused by the crash, a 4-week pre-exposure period 
was included.37

As both MI and stroke have relatively high death rates, the 
length of the observation period is dependent on events, 
and no further exposures are possible after death.

Use an event-dependent 
observation period model 
extension38 and conduct 
a sensitivity analysis that 
repeats the analysis, 
excluding individuals who 
died within 30 days of the 
event.

Bruer et al used the event-dependent observation 
period model extension in their study on the 
association between antipsychotic drugs and 
myocardial infarction.39

Langan et al studied the risk of stroke following 
herpes zoster. They conducted a sensitivity analysis 
excluding individuals who died within 90 days of 
stroke.40

Event rates are 
constant within 
defined periods

MI and stroke are more common in older individuals and 
may be affected by seasonal changes.

Control for age and season 
effects.

Grave et al studied the association between 
seasonal influenza vaccination and Guillain-Barré 
syndrome. They adjusted for calendar month, as the 
vaccinations are seasonal by design.41

In a study of the association between chickenpox 
and stroke, Thomas et al adjusted for age in 5-year 
age bands.42

Events are 
independently 
recurrent or rare.

MI and stroke are not independent: once an individual has 
a first event, they are more likely to have a second.

Study first events only. Langan et al began the observation period 12 
months into follow-up time to ensure first stroke 
events had been correctly identified.40

MI, myocardial infarction; UTIs, urinary tract infections.
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2.	 Assess the effect of different methods of UTI ascertain-
ment on estimated rate ratios (ie, clinically suspected 
and microbiologically confirmed; clinically diagnosed 
only; clinically suspected but not supported by micro-
biology and UTI diagnosed and treated in hospital).

3.	 Investigate whether the effect of a clinically suspected 
and microbiologically confirmed UTI on acute MI and 
stroke differs according to the infecting organism.

Our primary hypothesis is that a clinically suspected 
and microbiologically confirmed UTI will increase the 
risk of acute MI or stroke in the 0–90 days postinfection 
period.

Data
We will use the Secure Anonymised Information Linkage 
(SAIL) Databank. This is an internationally recognised 
trusted research environment (TRE), with robust 
secure storage, enabling access to anonymised, linkable, 
individual-level Welsh population-scale data for research, 
with a focus on improving population health and health 
services. Data within SAIL are pseudonymised and made 
available to approved projects and users following an 
application to, and approval from the independent infor-
mation governance review panel (IGRP). SAIL’s storage 
and linkage processes ensure anonymity: first, data sources 
being provided to SAIL are split as per the standard split 
file process, with the source organisation splitting the 
source data into demographic data and clinical data, with 
a system linkage field to allow data to be rejoined later. 
This addresses confidentiality and disclosure issues that 
arise when working with health data by separating easily 
recognised person-based variables such as name and date 
of birth from clinical data, including information on diag-
noses, tests and prescriptions. The demographic data are 
anonymised and assigned an anonymised linkage field. 
These split files are then joined together using the system 
linkage field by the SAIL team and made available to 
researchers following encryption.21–23

We will use the SAIL Databank to access the following 
linked data: Welsh Longitudinal General Practice data 
(WLGP), Patient Episode Database for Wales (PEDW), 

Welsh Results Reporting Service (WRRS). The WLGP 
contains data from 84% of general practices in Wales, 
consisting of longitudinal data for 2.6 million Welsh 
residents, representing 84% of the population.24 Demo-
graphic data, clinical diagnoses and prescription data are 
included. The PEDW contains International Classifica-
tion of Disease version 10 (ICD-10) coded diagnoses for 
admissions to any Welsh hospital.25 The WRRS contains 
data on all tests requested from primary and secondary 
care National Health Service (NHS) Wales organisa-
tions processed and analysed in NHS Wales laborato-
ries, including requests for urine microscopy, culture 
and antibiotic susceptibilities.26 Data are available from 
the data sources at varying times based on when clinical 
information systems began, with data quality improving 
over time. As such, for our study, based on our approvals 
and where the data sources have consistent coverage and 
quality, we will be using them between 1 January 2010 and 
31 December 2020.

Study design
Individuals who experience UTIs and individuals who do 
not can differ in unmeasured ways and hence could be 
sources of residual confounding. We will use the SCCS 
design method to deal with this issue. The SCCS method 
is an epidemiological study design for which individ-
uals act as their own control so that both measured and 
unmeasured characteristics that vary between individuals 
are completely controlled.27 Only individuals who have 
experienced an outcome and exposure of interest are 
included. The SCCS method compares the incidence 
of an outcome during predefined risk periods with inci-
dence during baseline periods (all times outside of risk 
and prerisk periods) and estimates the temporal associ-
ation between a transient exposure and outcome. Time-
invariant covariates (eg, sex) are inherently controlled 
for, and time varying covariates (eg, age) are adjusted 
for within the models. The method was originally devel-
oped to investigate associations between vaccinations 
and acute adverse events, such as aseptic meningitis,28 29 
but has since been applied in a range of epidemiological 

Figure 1  Diagrammatic representation of observation time for an individual in the proposed self-controlled case series design. 
MI, myocardial infarction; UTI, urinary tract infection.
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settings,30–32 including non-acute events such as autism.33 
As with other study designs, the SCCS method makes 
several assumptions that need to be met in order to 
obtain valid and unbiased estimates, but there are model 
extensions which provide solutions to violations of these 
assumptions under certain circumstances.34 The model 
assumptions, how they apply to our study, and the solu-
tions to violations of the assumptions are given in table 1.

A diagrammatic representation of observation time 
for an individual in the proposed SCCS design is given 
in figure 1. Risk periods start on the date of an UTI and 
end 90 days later. The date of an UTI is the earliest date 
of occurrence of any of the events necessary for each 
different UTI definition. For example, the definition 
of UTI in our primary analysis is a combination of an 
UTI-related diagnostic code and antibiotic prescription 
in WLGP data and a urine culture result that supports a 
diagnosis of UTI in the WRRS data, occurring within a 
7-day window. In this case, the date of the UTI would be 
the date of whichever of the following events occurred 
first: UTI-related diagnostic code, antibiotic prescription, 
supporting urine culture.

Individuals can have more than one UTI during the 
observation period, and therefore can have more than 
one 90-day risk period. Where risk periods overlap, the 
later period takes precedence, and the earlier period is 
shortened. There will be a prerisk period of 7 days before 
the risk period, to allow for the situation where an indi-
vidual has an UTI for several days prior to consultation, so 

events in the prerisk period are not erroneously attributed 
to the baseline period.

Baseline periods are all times outside of the risk and 
prerisk periods. The study period is from 1 January 
2010 to 31 December 2020. The observation period is 
different for each individual. It generally follows the study 
period but may start later for some individuals who were 
not Welsh residents at the start of the study period but 
became so later, or who turned 30 years of age sometime 
during the study period. Similarly, the observation period 
may end before the study period when individuals moved 
out of Wales or died.

Population
The SCCS method starts with identifying individuals who 
have had the outcome of interest. Therefore, the source 
population are individuals within the SAIL Databank who 
have a hospital admission record for acute MI or stroke 
during the study period. For inclusion, individuals will 
need to be aged 30–100 between 1 January 2010 and 
31 December 2020 and be Welsh residents. We chose 
a lower age bound of 30 years to reduce the chance of 
including MIs and strokes due to congenital or other non-
artherosclerotic causes. A lower age bound of 40 might 
reduce this chance further but would increase the chance 
of missing relevant events, especially given the greater 
burden of cardiovascular disease in Wales compared with 
the UK as a whole.35

Outcomes
Outcomes of interest are acute MI or stroke, as identified 
by ICD-10 codes from inpatient diagnoses recorded in 
the PEDW. A list of ICD-10 codes to be used are given in 
online supplemental material A.

Exposure
The exposure of interest is an UTI. The risk period is 
0–90 days following an UTI. This period was chosen as 
previous research has shown an increase in acute MI and 
stroke risk in the 1–90 days following an UTI.6 There will 
be a prerisk period of 7 days before the risk period, to 
allow for the situation where an individual has an UTI for 
several days prior to consultation, so events in this period 
are not erroneously attributed to the baseline period. 
Individuals can be exposed to an UTI more than once 
during the observation period. Each exposure will be 
followed by the same 90-day risk period. Baseline periods 
are all other times.

To ascertain UTI, we developed definitions that 
reflected the Public Health Wales Microbiology Division’s 
standard operating procedure for the investigation of 
urine.36 These procedures are followed by NHS microbi-
ology laboratories across Wales. For each definition, the 
data sources required and the clinical scenario repre-
sented is summarised in table 2, and the code lists used 
are given in online supplemental material B–D. In our 
primary analysis, an individual will be regarded as being 

Figure 2  Case selection process. *Individuals appear and 
are counted in both the stroke and MI datasets if they had 
both an MI and a stroke event within the study period. MI, 
myocardial infarction; PEDW, Patient Episode Database for 
Wales; SAIL, Secure Anonymised Information Linkage; WLGP, 
Welsh Longitudinal General Practice data; WDSD, Welsh 
Deographic Service Dataset.

https://dx.doi.org/10.1136/bmjopen-2022-064586
https://dx.doi.org/10.1136/bmjopen-2022-064586
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exposed to an UTI if the following events occur within a 
7-day window:
1.	 A General Practice (GP) record of an UTI diagnostic 

or symptom code.
2.	 A GP record of an antibiotic prescription.
3.	 A microbiology record of a urine sample with bacte-

rial growth of a single organism of ≥1x108 colony-
forming units (CFU) per litre and white cell count 
(WCC)≥1x108/L. If there are two organisms grown, 
both must demonstrate growth of ≥1x108 CFU per litre. 
More than two organisms will be regarded as mixed 
growth and thus not supportive of an UTI diagnosis. 
In a sensitivity analysis, we will widen the microbiologi-
cal criteria and include all urine samples with bacterial 
growth of a single organism of ≥1x107 CFU per litre, 
irrespective of the WCC.

In secondary analysis 1, we will estimate the risk of MI 
and stroke among individuals with a GP record of an UTI 
code and antibiotic prescription, and a microbiology 
record of a urine sample with mixed bacterial growth 

(any descriptor for ‘mixed growth’ or >3 organisms). 
This is an important analysis given the uncertain clinical 
significance of mixed bacterial growth in an individual 
with symptoms of UTI. In secondary analysis 2, an indi-
vidual will be regarded as exposed to UTI with only a GP 
record of a diagnostic or symptom code and an antibi-
otic prescription (no microbiology). Secondary analysis 3 
will estimate the risk of MI and stroke among individuals 
where UTI was suspected and treated by the GP, but urine 
microbiology showed bacterial growth of<1x107 CFU per 
litre (not supportive of an UTI diagnosis). Secondary 
analysis 4 will focus on individuals with a hospital admis-
sion with an UTI-related ICD-10 code and a microbiology 
record of a urine sample with bacterial growth of a single 
organism of ≥1x108 CFU per litre and white blood cells 
≥1x108 per litre. As for the primary analysis, if there are 
two organisms grown, both must demonstrate growth 
of ≥1x108 CFU per litre, and more than two organisms 
will be regarded as mixed growth. Secondary analysis 5 
combines the primary analysis, and secondary analysis 4, 
considering individuals with either a GP record of an UTI 
code and antibiotic prescription, or a hospital admission 
with an UTI-related ICD-10 code, and a microbiology 
record of a urine sample with bacterial growth of a single 
organism of ≥1x108 CFU per litre and white blood cells 
≥1x108 per litre. In the primary analysis, any hospital 
diagnosed UTI is likely to count towards baseline time, 
whereas they would be included in exposed time here.

Statistical analysis
We will describe the demographics of the study popula-
tion, such as age and sex distribution, medical history 
and prescribed medication, using means and SDs for 
continuous variables, and frequencies and proportions 
for categorical variables. For each analysis, we will use 
conditional logistic regression to estimate IRRs, with 95% 
CIs, for the risk of acute MI or stroke in prerisk and risk 
periods compared with baseline periods. We will include 
only individuals who have experienced both the outcome 
and the exposure, and will include only the first acute 
MI or stroke diagnosis in the observation period. The 
IRRs will be adjusted for time-varying confounders: age, 
season and year of UTI diagnosis. Year of UTI diagnosis 
is included because diagnostic and coding practices may 
have changed over time as a result of guidance and aware-
ness around microbial resistance. Adjusted IRRs will be 
reported for the risk of acute MI or stroke at 1–7, 8–14, 
15–28 and 29–90 days after UTI. We will conduct the anal-
ysis in R, using the SCCS package. We will report the find-
ings in accordance with REporting of studies Conducted 
using Observational Routinely-collected Data (RECORD) 
and STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) guidelines.

Sensitivity and subgroup analyses
We will perform several sensitivity and subgroup analyses 
to assess the robustness of the findings of our primary 
analysis to different assumptions:

Table 3  Characteristics of cases of stroke and MI

Characteristic Stroke MI

Sex (% male) 49.4 62.8

Age of males (mean (25th, 75th centiles)) 74 (64, 82) 69 (59, 78)

Age of females (mean (25th, 75th centiles)) 79 (69, 87) 77 (66, 85)

Welsh Index of Multiple Deprivation (WIMD) 2019 quintiles*

 � 1 (least deprived) 19.8 20.6

 � 2 20.8 20.5

 � 3 20.3 20.9

 � 4 20.4 20.1

 � 5 (most deprived) 18.6 17.9

 � Current smoker (%) 19.8 24.2

 � electronic Frailty Index (mean (SD)) 0.16 (0.12) 0.15 (0.12)

 � Prescribed lipid-lowering drugs (%) 49.0 49.6

 � Prescribed aspirin (%) 43.7 41.3

 � Prescribed hypertensive drugs (%) 59.1 55.1

 � Prescribed beta blockers (%) 39.6 37.3

 � Chronic kidney disease (%) 20.9 18.9

 � COPD (%) 9.9 10.9

 � Asthma (%) 15.1 16.0

 � Hypertension (%) 51.2 46.2

 � Diabetes (%) 19.4 20.7

 � Cardiovascular disease (%) 56.4 53.4

 � Coronary Heart Disease (%) 15.9 21.5

 � Atrial fibrillation (%) 16.0 8.7

 � Heart failure (%) 8.4 8.6

 � Peripheral vascular disease (%) 7.2 7.7

 � Angina (%) 11.3 16.0

 � Transient ischaemic attacks (%) 9.4 5.0

 � Total no of cases 58 150 51 659

*LSOA version 2011 and WIMD version 2019
COPD, Chronic Obstructive Pulmonary Disease; LSOA, Lower Super Output Area; MI, 
myocardial infarction.
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	► We will explore the impact of using a wider defini-
tion of MI and stroke, including ICD-10 codes for 
acute coronary syndromes and transient ischaemic 
attacks. This will include events that have potentially 
been missed by our main definition and assess how 
sensitive our findings are to the definition of MI and 
stroke.

	► We will explore the impact of widening the micro-
biological definition of UTI to bacterial growth of a 
single organism of ≥1x107 CFU per litre irrespective 
of WCC.

	► We will differentiate first-ever MI or stroke from recur-
rent events, and report risk estimates separately. This 
analysis will exclude individuals with a PEDW record 
of an event before the observation period, and include 
only those who have their first ever event during the 
observation period.

	► We will extend the prerisk period to 14 days. Some 
individuals may have had an UTI for several days prior 
to diagnosis, and so an acute MI or stroke during this 
time may relate to exposure but without a prerisk 
period, would count towards the baseline period.

	► We will repeat the analysis excluding individuals who 
died within 30 days of an event to examine the poten-
tial effect of an event dependent observation period.

	► We will restrict the definition of UTI to include only 
antibiotic prescriptions for nitrofurantoin (currently 
recommended first-line therapy) to explore whether 
the choice of antibiotic impacts the findings.

	► We will use interaction terms to assess the impact 
of specific bacterial organisms on the relationship 
between UTI and MI or stroke.

	► We will examine whether the COVID-19 pandemic 
may affect our findings by (1) excluding individ-
uals whose MI or stroke occurred in 2020, and (2) 
including an interaction term to explore whether the 
association between exposure and outcome differs in 
2020 vs pre-2020.

	► We will include an interaction term to explore whether 
the association between exposure and outcome differs 
in those with and without a history of diabetes, given 
its potential role as a risk factor of both UTI and MI/
stroke.

Sample size and power
Our initial work has identified 51 656 individuals with 
acute MI and 58 146 with stroke in the SAIL Databank 
who meet all inclusion criteria. In the previous study by 
Smeeth et al,6 the sample size was 53 709 for acute MI, and 
55 157 for stroke, where 16% of acute MI cases, and 21% 
of stroke cases were exposed to UTI.6 Based on a conser-
vative exposure rate of 10%, and an at-risk window of 90 
days, we estimated the effect size that could be reliably 
detected with our potential sample size, using the sample 
size function in the SCCS package in R. The available 
sample provides 90% power to detect an IRR of 1.3 at the 
alpha=0.05 level, which is smaller than the IRRs detected 
in Smeeth et al6

Patient and public involvement
We developed this research proposal in collaboration 
with members of the Wales Centre for Primary and Emer-
gency Care Research Service Users group (SUPER). We 
have a patient and public involvement (PPI) plan and 
are consulting the SAIL consumer panel and SUPER 
regarding all stages of this research, including ongoing 
discussion of analysis plans, review of findings, and plans 
for dissemination (eg, public facing outputs). We have 
extended our sub-group analysis to include individuals 
with diabetes in response to discussions with the SAIL 
consumer panel members. Identifying PPI for future 
stages of this research is a secondary objective of our PPI 
plan.

Summary of cases
The individuals with an ICD-10 code for either MI or 
stroke were selected according to the eligibility criteria, 
as shown in figure  2. There are 58 146 individuals with 
an ICD-10 code for stroke, and 51 656 individuals with an 
ICD-10 code for MI, a total of 105 930 unique individuals 
(it is possible for an individual to be in both the stroke 
and the MI group). Stroke cases were 49% male, MI cases 
63% male. Female stroke cases were older than males, 
with a median age of 79 years (25–75th centiles 69–87) 
compared with a median of 74 years (25–75th centiles 
64–82) for males. Female MI cases were also older, with 
a median age of 77 (25–75th centiles 66–85) compared 
with 69 (25–75th centiles 59–78) for males.

The mean length of observation (study entry to study 
exit) of stroke cases was 2796 days for females and 
2981 days for males. For MI cases, 2981 for females and 
3251 for males. History of diagnoses and prescription 
drugs is taken from all health records available for each 
individual. Health data is available for a median of 13 
years (25–75th centiles 8–16) prior to the study start.

Characteristics of cases, including a history of diagnoses 
and prescription drugs prior to an event, smoking status, 
Welsh Index of Multiple Deprivation version 2019 and 
electronic Frailty Index are given in table 3.

Ethics and dissemination
All study data will be held within the SAIL Databank, an 
ISO27001 certified TRE for anonymised individual-level 
data. Data access, research permissions and approvals 
have been obtained from the SAIL independent IGRP, 
project number 0972. Analyses will be conducted within 
the SAIL TRE. There are strict disclosure control 
processes in place. Only aggregated outputs will be 
approved for release to ensure individuals are not iden-
tified. Findings will be disseminated through peer-review 
journals and conferences. Results will be of interest inter-
nationally to primary and secondary care clinicians who 
manage UTIs. An association between UTI and either MI 
or stroke will support a future funding application for a 
randomised trial of preventative treatments, such as anti-
platelet drugs.
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