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ARTICLE INFO SUMMARY

Article history: Objectives: Urinary tract infections (UTIs) frequently cause hospitalisation and death in people living with

Accepted 20 April 2024 dementia (PLWD). We examine UTI incidence and associated mortality among PLWD relative to matched

Available online 26 April 2024 controls and people with diabetes and investigate whether delayed or withheld treatment further impacts
mortality.

Keywords: Methods: Data were extracted for n = 2,449,814 people aged > 50 in Wales from 2000-2021, with groups

Urinary tract infections

. . matched by age, sex, and multimorbidity. Poisson regression was used to estimate incidences of UTI and
Diabetes mellitus

mortality. Cox regression was used to study the effects of treatment timing.

ﬁﬁrﬁ;rial agents Results: UTIs in dementia (HR=2.18, 95 %CI [1.88-2.53], p < .0) and diabetes (1.21[1.01-1.45], p =.035) were
Therapeutics associated with high mortality, with the highest risk in individuals with diabetes and dementia (both)
Population health (2.83[2.40-3.34], p < .0) compared to matched individuals with neither dementia nor diabetes. 5.4 % of
Incidence untreated PLWD died within 60 days of GP diagnosis—increasing to 5.9 % in PLWD with diabetes.
Momlif}’_ Conclusions: Incidences of UTI and associated mortality are high in PLWD, especially in those with diabetes
Comorbidity and dementia. Delayed treatment for UTI is further associated with high mortality.
© 2024 Published by Elsevier Ltd on behalf of The British Infection Association. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction dementia (PLWD)'? where cognitive impairment, catheterisation and

co-morbid health conditions can lead to atypical presentation of

Urinary tract infections (UTIs) frequently cause hospitalisation in symptoms.>* Impairments of insight and difficulties with self-reporting

older adults. They are particularly common in people living with symptoms pose challenges for UTI management.”® These challenges are

acknowledged in the current guidelines for diagnosing UTI in older

adults, however no gold standard measure exists to mitigate the risk of

- UTI misdiagnosis in this population.”!’ In addition, PLWD admitted to

* Correspondence to: Imperial College London, White City Campus, 9/F, Sir Michael hospital often experience extended durations of stay, frequent read-
Uren Hub, W12 0BZ London, UK. s 71112 . . . ..

missions, and are at risk of hospital-acquired complications asso-
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! Senior authors: David J. Sharp, Eyal Sore. ciated with increased mortality.” Despite this, studies quantifying UTI
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incidence and clinical outcomes in PLWD are limited. Understanding the
public health burden of UTIs and the impact of co-morbidities on their
clinical outcomes are important, as these can potentially be improved
through more timely intervention.

While some UTIs resolve spontaneously, untreated or in-
completely treated UTIs may rapidly lead to clinical complications
such as severe infection and mortality.'*'® The management of UTIs
is made complex by the global emergence of multi-drug-resistant
organisms, prompting scrutiny of antibiotic prescription practices.'”
However, population-level studies on the effects of antibiotic timing
on UTI management in the general population have shown sur-
prisingly high mortality rates for untreated infections. For example,
data from English primary care records show that delayed or with-
held antibiotic treatment is associated with increased mortality.'®"”
Given the vulnerability of PLWD to infection, an improved under-
standing of the clinical effects of delayed treatment in this specific
population is important.

To the best of our knowledge, population-level studies of UTI
incidence in PLWD have not yet been performed, and it is unknown
whether this group has worse outcomes following delayed treat-
ment than patients without dementia. Previous research on emer-
gency admissions suggests that PLWD are twice as likely to be
diagnosed with UTI, but this work also highlighted the potential for
misdiagnosis in emergency settings.'® Other studies investigating
UTIs in PLWD have been conducted in care homes,'® where high
rates of drug-resistant organisms among residents potentially linked
to inappropriate antimicrobial prescription may bias findings and
limit generalisability.”’

In this study, we aimed to 1) establish the overall incidence of
UTIs and associated mortality in PLWD using linked primary and
secondary care data, and 2) examine the impact of factors that may
influence survival following UTI, including the timing of antibiotic
treatment. We used Welsh electronic health records spanning more
than twenty years to investigate the incidence rates of UTI in PLWD,
diabetes, and co-morbid dementia and diabetes. Incidence was
compared to controls with no history of either condition. Diabetes is
a well-established risk factor for UTIs due to associated im-
munocompromise, urinary glucose, and bladder dysfunction.”'*° In
general, diabetes alone does not cause cognitive impairment, and so
provides a comparator group that have an increased risk of UTI but
without major cognitive problems. The inclusion of people with both
dementia and diabetes enables us to additionally observe effects of
age-related co-morbidity. Within demographically-matched popu-
lations, we further investigate overall survival following UTI and the
effects of antibiotic treatment timing on clinical outcome, extending
previous analyses.'®"” We hypothesised that PLWD with and
without diabetes are at increased risk of UTI and mortality within 60
days following diagnosis, and that delayed or withheld treatment
leads to increased mortality following UTI in PLWD.
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/
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Y ﬁ ﬁ ut
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Materials and methods
Study design and study population

Data sources

Data from this retrospective cohort study were obtained through
the Secure Anonymised Information Linkage (SAIL) Databank,?® and
includes the following sources: Welsh Demographic Service Dataset
(WDSD), comprising sex, week of birth, date of death, and the Welsh
Index for Multiple Deprivation (WIMD), a composite measure of
eight domains of deprivation within geographical areas, including
housing, education, and access to services.”” The Welsh Longitudinal
General Practice (WLGP) contains information from primary care
including diagnoses and prescriptions,”® and the Patient Episode
Dataset for Wales (PEDW) comprises inpatient diagnoses. Data
spanned the study period from 1st January 2000 to 31st De-
cember 2021.

Population

We investigated adults aged > 50 within the SAIL data sources
(Fig. 1) (Supplementary Fig. 1A). Participants entered the study on
1st January 2000 or on the date they turned 50, whichever was
sooner, and exited the study on 31st December 2021, when they
turned 101, or when a date of death was recorded. Dementia and
diabetes were identified using diagnostic codes (Supplementary
Table 1). Validation studies of UK primary care data have been de-
monstrated to identify dementia and diabetes with high accu-
racy.”’?>" Individuals were classified into four groups: those with
prior diagnoses of dementia and diabetes, dementia only, diabetes
only, and controls (no prior diagnoses of either condition).

Identification and extraction of UTI-related clinical information

Clinical data on UTIs and antibiotic treatment within 60 days of re-
corded UTIs in SAIL were extracted. The codes used were based on
published literature,'>'”*'*> verified using the Read Clinical Termi-
nology Browser** and the World Health Organisation ICD-10 browser,*
and reviewed by experienced clinicians (Supplementary Table 1).

UTIs

We included codes relating to lower and upper UTIs, and recurrent or
catheter-associated UTIs, but excluded asymptomatic bacteriuria and
suspected or pregnancy-related UTIs (Supplementary Table 1).

Group assignment

Individuals experiencing one or more UTI episodes were cate-
gorised into up to three groups during their respective follow-up
periods: first, the control group, prior to any morbidity diagnosis;
second, one of the morbidity groups (dementia or diabetes) if a re-
levant diagnostic code for either condition was identified; and

Post-clustering
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Fig. 1. Experimental Design. From the initial study sample, UTI events were identified and clustered temporally, resulting in 20K events in people with both dementia and
diabetes, 55 K events in people with dementia, 110K in people with diabetes, and 427 K in controls.
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finally, the co-morbid group, if diagnostic codes for both conditions
were identified.

UTI episodes within the groups were mutually exclusive while
the individuals were not. For instance, where an individual experi-
enced multiple UTIs, one occurring after a diagnosis of dementia but
before a diagnosis of diabetes, and another occurring after diagnoses
of both, the two UTIs were included in their respective groups (de-
mentia, dementia & diabetes), whereas the individual was counted
in both groups.

Treatment type and timing

Analyses of treatment type and timing within this study were
restricted to UTIs occurring within primary care as hospital pre-
scription data were not available. Antibiotics were identified ac-
cording to the NHS Wales Primary Care Antimicrobial Guidelines
(section: UTI).*® Codes were included for tablets, capsules, and
suspensions, but injections and infusions were excluded due to the
low frequency of these prescriptions in a community setting.

Clinical outcomes
All-cause mortality within 60 days following UTI was examined
as the clinical outcome of this study.

Health conditions

Diagnostic codes relating to common health conditions were
extracted and used to match the morbidity groups by their re-
spective profiles of multimorbidity. The following conditions were
included: mental health (anxiety and depression), cancer, re-
spiratory (chronic obstructive pulmonary disease (COPD) and
asthma), cardiovascular (congestive heart failure, hypertension, hy-
pertensive heart disease, and ischaemic heart disease), liver (alco-
holic and non-alcoholic), renal (chronic Kkidney disease),
cerebrovascular, smoking, and catheterisation.

Data processing and statistical analysis

Data analytics were performed using Python version 3.9 soft-
ware®” with the following packages: data processing (pyodbc,
numpy, pandas, scipy), machine learning (scikit-learn), statistics
(lifelines, statsmodels, pingouin) and visualisation (matplotlib).

Temporal clustering of UTI codes

To account for repeated diagnostic coding within the same health
episode, extracted UTI codes were temporally clustered based on
previous literature'®!” (Fig. 1). Clustering was done individually on a
rolling basis, and codes recorded within 60 days were assumed to be
part of the same cluster. For instance, if five consecutive UTI codes
occurring 40 days apart were recorded for an individual, the entire
sequence was considered one cluster. A sixth code occurring after
seventy days was considered part of a new cluster. The clinical
outcome of mortality in 60 days following the final code was then
examined within each cluster.

UTI incidence

Age and sex-specific incidence rates were calculated using a
generalised linear model (GLM) with a Poisson distribution, im-
plemented in the statsmodels package. Age bands were mean-
centred to facilitate interpretation and improve model stability. The
aggregated table summed the total number of UTIs, deaths within 60
days following UTI, and the follow-up period for each age band
across all conditions of interest. The formula for the GLM was ex-
tended to include interactions between condition, sex, and mean-
centred age bands. It was adjusted for an offset term, the natural
logarithm of the total follow-up time in years.
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Propensity score

Propensity scores®® were calculated to match individuals in the
smallest (minority) group of co-morbid dementia and diabetes to their
counterparts in the three larger (majority) groups (controls, diabetes,
and dementia). Continuous variables (e.g. age) were standardised to have
a mean of zero and a standard deviation of one, while categorical vari-
ables (e.g. sex, health conditions) were transformed into dummy vari-
ables. The specific matching variables are described further in their
respective sections (2.2.5-2.2.7). A logistic regression model was then
trained using these features, and the propensity score was computed as
the model’s logit (log-odds) output.

Optimal pair matching

The linear sum assignment (Hungarian matching) algorithm®°
was employed to minimise the overall "distance" between the pro-
pensity scores of individuals in the minority group and those in the
majority groups and identify best-matched pairs.

Incidence matching

To assess the variation in UTI incidence across different morbidity
groups, optimal pair matching was used to identify the most suitable
matches between individuals in the minority group and those in the
three majority groups. This matching process was conducted iteratively
per individual over the 22-year study period, matching for factors of age,
sex, year of UTI occurrence, and health conditions (defined in section
2.1.8). This generated a "year of matching" index (Supplementary
Table 2), and the dataset was constructed to include all subsequent years
of follow-up for the identified optimal pairings (Supplementary Table 3)
(Supplementary Fig. 1B). This resulted in 1:1 matched episodes with
dementia, 1:2 matched episodes with diabetes, and 1:4 matched con-
trols. (Supplementary Figs. 2 and 3).

Survival matching - service

Optimal pair matching was again used to compare survival following
UTI episodes across morbidity groups. Optimal pairings were identified
between UTI episodes in the minority group and their counterparts in
the majority groups. In addition to the variables of age, sex, year of UTI
occurrence, and health conditions, groups were also matched by service
to ensure comparable proportions of GP and hospital events. This
yielded 1:3 matched episodes with dementia, 1:5 matched episodes
with diabetes, and 1:10 matched controls. (Supplementary Table 4).

Survival matching - treatment

As inpatient prescription data were not available, a final matching
was conducted after subsetting the data to UTIs diagnosed and managed
within primary care. The groups were then matched by age, sex, year of
UTI occurrence, and health conditions (Supplementary Table 5).

Overall survival following UTI

Cox proportional hazard models were implemented to estimate
survival probability within sixty days following a UTI among the
matched groups (section 2.2.6). Events were right-censored. The
exposures examined included morbidity diagnosis (dementia, dia-
betes, dementia & diabetes, controls) and source of UTI diagnosis
(primary or secondary care). Covariates included age and sex. We
then conducted three sensitivity analyses to examine the effects of
temporal variation, UTI diagnosis, and time since diagnosis as a
proxy of dementia severity.

Effects of antibiotic and treatment timing on survival in matched groups

We used two models to examine the respective effects of anti-
biotic treatment type and treatment timing on 60-day survival after
UTI across the matched morbidity groups (section 2.2.7). Using Cox
regression, we first analysed the effects of the most frequently
prescribed antibiotics within this cohort (trimethoprim, nitrofur-
antoin, cefalexin, other) relative to no treatment within one week.
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For treatment timing, UTIs were grouped into three categories: im-
mediate (IMM), including all UTIs treated on the same day as diag-
nosis; deferred (1W), including UTIs treated within one week
following the diagnosis date, and no evidence (NE), indicating no
evidence of treatment within one week of UTI diagnosis.

A final Cox regression model was then implemented to examine
the effect of morbidity and treatment timing on survival across the
matched morbidity groups. Age and sex were again included as
covariates across the three models to account for the natural dis-
tribution of the variables within the matched groups.

Results
Cohort description

The study population comprised 2,449,814 million adults aged
50-101 and registered in Wales between 1st January 2000 and 31st
December 2021, totalling 31,777,282 person-years of follow-up over the
22-year study period (Table 1). Four groups were identified: Those with
no prior diagnoses of dementia or diabetes (Controls, n = 2,361,131, mean
age=63.7 + 11.2, follow-up=29,113,388 person-years); diabetes (n=
262,635, age=69.9 + 10.9, 2,176,149 person-years); dementia (n=
118,553, age=82.6 + 9.3, 390,689 person-years); and co-morbid de-
mentia and diabetes (n=34,109, age=81.5 * 8.9, 97,027 person-years)
(Fig. 1) (Table 1) (Supplementary Fig. 1A).

Within the study population, 730,670 diagnostic codes for UTI
were identified in 331,617 individuals (Table 2). Following temporal
clustering, this was reduced to 612,453 UTI episodes. As expected,
there were more females (68.5 %) than males with recorded UTIs.
They also experienced more UTI events over the follow-up period
(2.0 + 1.8) compared to males (1.6 + 1.3), accounting for 72.3% of
the total UTI episodes. Both groups had similar average follow-up
periods (F: 15.8 + 6.1 person-years; M: 15.7 £ 5.9) and age dis-
tributions (F: 71.3 £ 11.2; M: 71.3 £ 9.9).
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Among those with UTIs, the control group was the largest, with
427,174 UTI episodes across 242,793 individuals (71.6 % female, mean
+ SD age: 71.5 £ 12.5). The diabetes group followed, with 110,045
episodes across 61,340 individuals (59.0 % female, age: 74.6 + 10.8).
The dementia group was the oldest, comprising 55,043 episodes
across 38,068 individuals (68.6% female, age: 84.0 + 8.3 years).
Finally, the smallest group of dementia & diabetes had 20,191 epi-
sodes across 12,894 individuals (60.2 % females, age: 82.1 + 8.3).

Groups were matched to the smallest group of individuals with
co-morbid dementia and diabetes, with 1.6 mean UTI episodes.
Matched controls comprised n=99,926 individuals aged 80.7 + 9.6,
with 1.4 mean UTI episodes. Matched people with diabetes included
n=41,499, aged 79.1 + 9.0, with 1.6 mean UTI episodes. The matched
dementia group had 30,195 individuals, aged 83.7 + 8.0, with 1.4
mean UTI episodes. (see Supplementary Table 3 and Supplementary
Figs. 2 and 3).

Incidence of UTI in dementia and diabetes

Using Poisson regression models, we calculated the incidence
rate of UTI episodes across the matched groups (Fig. 2 A). After ad-
justing for age and gender, the incidence rate in the control group
served as the reference at 24 per 1000 person-years (p < 0.0001). In
individuals with diabetes, the adjusted incidence was 48 per 1000
person-years (IRR = 2.1, 95% CI [1.9-2.3], p < 0.001). For PLWD, the
incidence was 68 per 1000 person-years (IRR=3.0, 95 % CI [2.7-3.4],
p < 0.001), and for PLWD with co-morbid diabetes, it was 130 per
1000 person-years (IRR=5.7, 95% CI [5.0-6.4], p < 0.001). Interest-
ingly, males had a lower overall incidence compared to females
(IRR=17 per 1000 person-years, IRR=0.54, 95% CI [0.46-0.64],
p < 0.001). However, a significant interaction effect was observed in
both the dementia and co-morbid groups, with higher incidence
rates in males (IRR=1.69, 95 % CI [1.4-2.04], p < 0.001; IRR=1.66, 95 %
CI [1.39-1.98], p < 0.001) (Supplementary Tables 6 and 7).

Table 1
Demographics for all individuals within the study sample.
Controls Diabetes Dementia Dementia & Diabetes Total
Study sample
n 2,361,131 262,635 118,553 34,109 2,449,814
n Females (%) 1,211,184 (51.3 %) 120,199 (45.8 %) 74,181 (62.6 %) 18,602 (54.5 %) 1,254,318 (51.2 %)
Follow-up (years) 29,113,430 2,176,150 390,689 97,027 31,777,282
Mean follow-up 123 +73 83162 33+37 28 +34 13.0 £+ 7.2

Deaths
Age Bands (years)
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90-94
95-99

523,221 (22.2%)

1,443,577 (611 %)
1,290,564 (54.7 %)
1,122,566 (47.5 %)
971,808 (41.2 %)
827,054 (35.0%)
654,410 (27.7 %)
474,133 (201 %)
303,551 (12.9%)
157,739 (6.7 %)
66,192 (2.8%)

Welsh Index of Multiple Deprivation (WIMD)

1 (Most deprived)
2

3

4

5 (Least deprived)
Not available

Health conditions (%)

UTI

Cancer
Cardiovascular
Liver

Mental Health
Renal

Smoking
Catheterisation

414,280 (175 %)
445,470 (18.9%)
492,555 (20.9%)
496,495 (21.0%)
461277 (19.5%)
51,054 (2.2 %)

239,452 (10.1 %)
472,055 (20.0 %)
583,776 (24.7%)
44159 (1.9%)
214,617 (91%)
63,115 (2.7%)
311,313 (132 %)
54,584 (2.3 %)

107,146 (40.8%)

60,396 (23.0%)
75,286 (28.7%)
89,892 (34.2%)
101,604 (38.7%)
105,652 (40.2 %)
93,752 (35.7%)
70,925 (27.0%)
41,753 (15.9%)
17,004 (6.5 %)
4594 (1.7 %)

60,553 (23.1%)
57,470 (21.9%)
51,898 (19.8%)
47,166 (18.0%)
43239 (16.5%)
2309 (0.9%)

60,880
65,875
54,649 (20.8 %)
12,390 (4.7 %)

29,288 (112 %)
27,782 (10.6%)
39,395 (15.0%)
13,752 (52%)

232%)
251%)

90,458 (76.3 %)

3488 (2.9%)
4341 (3.7%)
5796 (4.9 %)
8978 (7.6%)
16,274 (13.7%)
28,322 (23.9%)
41,541 (35.0%)
44,011 (371%)
28,864 (24.3%)
9922 (8.4%)

22,000 (18.6%)
24,518 (20.7 %)
22,930 (19.3 %)
23,681 (20.0%)
24,578 (20.7 %)
846 (0.7 %)

37,799 (31.9%)
12,399 (10.5 %)
12,796 (10.8 %)
2001 (1.7 %)
10,683 (9.0%)
6576 (5.5 %)
9123 (7.7%)
5129 (4.3 %)

26,902 (78.9%)

851 (25%
1178 (3.5%)
1750 (5.1 %)
2907 (8.5%)
5276 (15.5%)
9051 (26.5 %)
12,110 (35.5 %)
11,298 (33.1 %)
6200 (18.2%)
1704 (5.0%)

7512 (22.0%)
7434 (21.8 %)
6653 (19.5%)
6452 (18.9%)
5885 (17.3%)
173 (0.5 %)

12,835 (37.6 %)
3350 (9.8%)
2360 (6.9%)
834 (2.4%)
2849 (8.4%)
3490 (10.2%)
2397 (7.0%)
1973 (5.8%)

747,727 (30.5 %)

1,485,644 (60.6 %)
1,343,406 (54.8 %)
1,187,138 (48.5%)
1,048,165 (42.8 %)
911,946 (37.2%)
738,083 (30.1 %)
548,931 (22.4%)
360,239 (14.7 %)
189,451 (7.7%)
77441 (32%)

436,047 (17.8%)
465,186 (19.0%)
509,678 (20.8 %)
511,875 (20.9%)
475,254 (19.4%)
51,774 (2.1%)

327,699 (13.4%)
491,474 (20.1 %)
602,056 (24.6 %)
47,510 (1.9%)
224,772 (9.2%)
72,636 (3.0%)
324,491 (13.2%)
58,523 (2.4 %)
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Table 2
Demographics for individuals with UTI in the study sample.
Controls Dementia Diabetes Dementia & Diabetes Total

Study sample
N 242,793 38,068 61,340 12,894 331,617
N Females 173,914 (71.6 %) 26,124 (68.6 %) 36,204 (59.0%) 7760 (60.2 %) 227,131 (68.5%)
Age 715 £ 125 84.0 £ 8.3 74.6 + 10.8 821 +83 73.4 £ 12.5
UTI
Codes 501,761 68,286 134,792 25,831 730,670
episodes 427174 55,043 110,045 20,191 612,453
Mean episode 1.8 £ 1.6 14 +09 18 +15 16 £ 11 18 £17
Mortality within 60 days 21,825 (5.1%) 8647 (15.7 %) 8899 (8.1%) 3203 (15.9%) 42,574 (7.0 %)

Welsh Index of Multiple Deprivation (WIMD)
1 (Most deprived) 45,807 (10.7 %)

2 48,555 (11.4%)
3 48,586 (11.4%)
4 47,612 (111%)

5 (Least deprived)
Not available

Health conditions (%)
Cancer 180,649 (42.3%)

50,334 (11.8%)
1899 (0.4%)

7171 (13.0%)
8062 (14.6%)
7092 (12.9%)
7499 (13.6 %)
8056 (14.6 %)
188 (0.3 %)

25,179 (45.7 %)

14,438 (13.1%)
13,687 (12.4%)
11,937 (10.8 %)
10,997 (10.0%)
9862 (9.0%)
419 (04%)

52,343 (47.6 %)
98,564 (89.6 %)
5395 (4.9%)

29,804 (27.1%)
12,246 (111 %)
43,193 (39.3%)

2859 (14.2%)
2867 (14.2%)
2457 (122 %)
2373 (118 %)
2208 (114 %)
40 (02%)

9818 (48.6%)
18,413 (912 %)
1076 (5.3 %)
6576 (32.6%)
3130 (15.5%)
7648 (37.9%)

65,247 (10.7 %)
68,189 (11.1%)
65,684 (10.7 %)
64,031 (10.5%)
66,003 (10.8%)
2463 (0.4%)

267,989 (43.8%)
451,221 (73.7 %)
17,107 (2.8 %)
154,098 (25.2%)
32,745 (5.3 %)
206,909 (33.8%)

Cardiovascular 291,717 (68.3 %) 42,527 (77.3 %)
Liver 9020 (2.1%) 1616 (2.9 %)
Mental Health 102,276 (23.9%) 15,442 (28.1%)
Renal 13,681 (3.2 %) 3688 (6.7 %)
Smoking 139,507 (32.7 %) 16,561 (30.1 %)
Catheterisation 26,567 (6.2 %) 5441 (9.9%)

11,864 (10.8%) 2924 (14.5%) 46,796 (7.6 %)

High mortality rates in dementia following UTI

We then examined the incidence of mortality within 60 days
following UTI across the morbidity groups. After adjusting for age
and gender, the incidence rate in the control group served as the
reference at 2 per 1000 person-years (p < 0.001). In individuals with
diabetes, the adjusted incidence was 6 per 1000 person-years
(IRR=3.32, 95% CI [1.99-5.53], p < 0.001). For PLWD, the incidence
was 9 per 1000 person-years (IRR=6.31, 95% CI [3.82-10.44],
p < 0.001), and for PLWD with co-morbid diabetes, it was 16 per
1000 person-years (IRR=10.17, 95% Cl [6.23-16.61], p < 0.001).
(Fig. 2B) (Supplementary Tables 8 and 9).

Next, we used Cox regression to compare the effects of diagnosis
within primary versus secondary care and quantify the overall sur-
vival rates within 60 days following UTI. Hospital diagnoses were
associated with higher odds of death, over four-fold higher than
those made in primary care (HR=4.29, 95 % CI [4.09-4.52], p < 0.005,
Supplementary Table 10) (Fig. 3A). Dementia was associated with
lower 60-day survival than controls across primary and secondary
care (Dementia: HR=1.34 [1.31-1.38], p < 0.005), and the lowest 60-
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day survival was observed in the co-morbid group (HR=1.43
[1.37-1.48], p < 0.005). This was consistent across primary (Fig. 3B)
and secondary care (Fig. 3C) diagnoses, where only 96.2 % and 84.5 %
of people within the co-morbid group survived for 60 days after a
UTI diagnosis, respectively.

Temporal sensitivity analysis

To assess whether hazard ratios were affected by temporal
variability, the UTI episodes were divided into two distinct time
frames, with the addition of 'period’ as a covariate in the Cox re-
gression survival analysis. When comparing 2014-2022 to
2000-2013, the HR was 1.00, suggesting no significant change in
mortality risk across the two periods (p=0.83) (Supplementary
Table 11).

Diagnosis sensitivity analysis

To examine the stability of comorbidity effects across clinical clas-
sifications, common UTI diagnostic codes accounting for 99 % of all UTI
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Matched incidence rate (1:1000)

Fig. 2. Incidence rates of A) UTI and B) death within 60 days of UTI. From left to right, the panels correspond to results across the four groups: controls, diabetes, dementia, and co-
morbid dementia and diabetes. Each plot is mirrored along the x-axis, with incidence in females depicted on the left and in males on the right. Y-axes are shared throughout the

plots and depict effect of increasing age bands.



H. Lai, M. Kolanko, L.M. Li et al.

A.

HOSP -

DIA_DEM

DEM

MALE

AGE -

DIA -

1 2

3

Survival rate

Journal of Infection 88 (2024) 106167

B. GP C. HOSP
1.00 ; : — 1.00
\ i 97.3%
0.98 —_— 97.1%
e —_97.1% 0095
— 49
0.96 T 96.4%
96.2%  gggL- ~ . 88.9%
0.94 \\ 87.9%
0.85 i ~ 85.4%
0.92 CON === DEM CON = DEM 84.5%
e DIA e BOTH e DIA we BOTH ! |
1 1 1 L 1 1 1 1
0-90, 10 20 30 40 50 60 080 %0 20 30 40 50 60

HR (95% ClI)

Days survived

Days survived

Fig. 3. Cox regression results and survival curves for overall mortality within 60 days following UTI across matched samples. A: Hazard ratios for impact of examined factors on
death within 60 days of UTI (referent groups as follows: secondary care (HOSP) compared to primary care (GP); diabetes & dementia (DIA_DEM), diabetes (DIA), and dementia
(DEM) compared to controls (CON); male compared to female); B: 60-day survival following UTI diagnosis made at a primary care (GP) level across the morbidity groups; C: 60-
day survival following UTI diagnosis made at a secondary care (hospital) level across the morbidity groups.

episodes were stratified by UTI type into lower and upper UTI and
compared against recurrent UTI (Supplementary Table 1). As expected,
the results indicated that both lower and upper UTIs were associated
with higher risk of 60-day mortality compared to chronic UTI; upper
UTIs were associated with double the risk (HR=2.00), while lower UTIs
showed a 38 % higher risk (HR=1.38) (Supplementary Table 12).

Time since diagnosis sensitivity analysis

We then examined the effect of time since dementia diagnosis as
a proxy for dementia severity, as information about dementia sta-
ging was not available. Time since diagnosis was binned evenly into
three groups, approximately <1, 1-3, and 3-10 years post-diagnosis.
The group with the longest time since diagnosis was associated with

significantly higher risk of 60-day mortality (HR=1.08 [1.03,1.15],
p < 0.00), with no significant differences between the other two
groups (Supplementary Table 13).

High rates of mortality with delayed treatment for diabetes and
dementia

In primary care data, we then quantified the effect of antibiotic
treatment type and treatment timing on survival following UTI
Propensity sampling resulted in 31,171 UTI events in n = 24,336 matched
individuals. The proportions of prescribed antibiotics changed con-
siderably from 2000 to 2022, particularly from 2018 (Fig. 4A).

Across all UTIs diagnosed and treated within primary care, ni-
trofurantoin, trimethoprim, and cefalexin were the most prescribed,
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Fig. 4. Effects of antibiotic treatment type and treatment timing on 60-day survival rate following UTI within the propensity-matched groups. A: Proportion of antibiotics
prescribed for UTIs within the study sample over the study period; B: effects of antibiotic prescribing on survival across all morbidity groups (NIT: nitrofurantoin, TRI:
Trimethoprim, CEF: Cefalexin, OTHER: any other recorded antibiotics, NE: no evidence of treatment within a week). C: Treatment timing over the study period, depicting changes
in proportions of people treated immediately (IMM), deferred within a week (1W), and withheld/no evidence of treatment within a week (NE). D: Effects of treatment timing on
survival across all morbidity groups. E: Combined effects of morbidity and treatment timing on survival within 60 days following UTI.
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accounting for 84.0 % of total antibiotic prescriptions. All three were
associated with higher 60-day survival compared to no treatment
within a week (nitrofurantoin: HR=0.35, [95% CI 0.29-0.43],
p < 0.005; trimethoprim: HR=0.46 [0.39-0.53], p < 0.005; cefalexin:
HR=0.50 [0.41-0.62], p < 0.005). (Supplementary Table 14) (Fig. 4B).

Treatment timing also significantly influenced survival. The
proportions of individuals receiving immediate, deferred, and no
treatment within one week remained relatively stable throughout
the study period (See Fig. 4C; for group-specific proportions see
Table 2). Deferred and withheld treatment were associated with
higher risk of 60-day mortality compared to immediate treatment
(1W: HR=1.57 [95% CI 1.22-2.02], p < 0.001; NE: HR=1.85 [95% CI
1.63-2.09], p < 0.001) (Fig. 4D; Supplementary Table 15). Extending
this analysis to include the effect of morbidity, co-morbid dementia
and diabetes were associated the highest mortality risk, almost
three-fold that of controls (HR=2.83, [95 % CI 2.40-3.34], p < 0.001).
Dementia alone was associated with the second-highest mortality
risk, two times higher than controls (HR=2.18 [1.88-2.53],
p < 0.001), followed by diabetes (HR=1.21 [1.01-1.45], p=.035)
(Fig. 4E; Supplementary Table 16). The difference in survival rates
between immediate and delayed treatment became more pro-
nounced across the morbidity groups, increasing from 0.7 % in con-
trols and 0.6 % in diabetes to 2.0 % in dementia and 1.7 % in the co-
morbid group. A similar trend was observed when comparing sur-
vival rates between immediate and withheld treatment, with 1.3% in
controls and 1.5% in the diabetes group, increasing to 2.1% in the
dementia group.

Discussion

Urinary tract infections (UTIs) are a significant health problem for
people living with dementia (PLWD). Using linked primary and
secondary care data, we show for the first time the incidence and
clinical outcomes of UTI in this group. The incidence of UTI diagnosis
is 93 % higher in PLWD than in matched diabetics, and 201 % higher
than that of controls without either condition. Mortality rates within
two months of UTI are also high in PLWD, particularly when diag-
nosed in the hospital. UTIs diagnosed in primary care with no record
of treatment within 24 h have lower survival, emphasising the im-
portance of timely identification and intervention. The influence of
co-morbidity was marked, with dementia and diabetes associated
with higher rates of UTI and mortality following UTI regardless of
treatment timing.

High incidence of UTI diagnosis in PLWD is expected, as patients
with dementia are more susceptible to UTIs for several reasons.
Dementia is often associated with problems with self-care,*°~*? in-
cluding dehydration and neglect of personal hygiene that can di-
rectly increase the risk of UTL****° Autonomic dysfunction is
common in some types of dementia, such as dementia with Lewy
Bodies (DLB) and Parkinson’s Disease Dementia (PDD), impacting on
bladder control, resulting in urinary incontinence and increasing
bacterial colonisation.**~*° PLWD experiencing frequent hospitali-
sation are at especially high risk of healthcare-associated UTIs, such
as those resulting from indwelling urethral catheter use,”*”' and are
overall vulnerable to complications.”” Finally, those residing in care
homes are at further risk of pathogen transmission within and be-
tween facilities.”*>*

Mortality rates were strikingly high following UTI in PLWD,
particularly in the presence of co-morbidity with diabetes. In PLWD,
death rates were five times higher than that of matched controls,
and almost nine times higher than controls in those with dementia
and diabetes. There are a range of possible reasons for this. UTIs
often present atypically in older age and in PLWD, complicating the
diagnostic process.””~>’ PLWD often lack insight into their health
and may not recognise or report symptoms when they emerge,’®
resulting in delayed treatment and increased infection severity.
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Other studies have also indicated that UTI may be overdiagnosed
within older adults, potentially leading to delays in the identification
of other serious health conditions.'®*? Finally, multi-morbidity and
frailty are common®’ and can increase the impact of infection.®'%*
We show a striking effect of diabetes on the incidence and clinical
effect of UTI in PLWD. Diabetes is known to increase UTI risk due to
factors such as high urinary glucose levels and impaired kidney and
bladder function.®>“® As expected,®’~°° we found that the incidence
of UTI in people with diabetes alone was twice that of controls. This
general effect of diabetes may interact with the presence of cognitive
impairment, adversely affecting medication compliance or diabetes
monitoring, contributing to poor glycaemic control and exacerbating
the effects of UTL’®”" In general, cognitive impairment may impact
the ability of PLWD to manage comorbid health conditions, ulti-
mately increasing the risk of mortality from potentially preventable
conditions like infection.”*”?

As in previous studies, we found that delayed and withheld
treatment were generally associated with higher 60-day mortality
across older adults within the study population.'®!” This effect was
particularly marked in PLWD. Survival rates following GP-diagnosed
UTlIs in PLWD were 96.7 % when treated immediately, decreasing by
2.1% to 94.6 % when untreated within a week. In PLWD with dia-
betes, survival rates were just 95.3 % for UTIs treated immediately,
decreasing by 1.2% to 94.1 % when the UTI was untreated. The de-
cision to prescribe antibiotics is not always straightforward, espe-
cially in light of increasing antimicrobial resistance.”*’" In this study,
the majority of PLWD received immediate antibiotic treatment fol-
lowing a UTI diagnosis, consistent with previous findings in the lit-
erature.”® Our data highlight that prompt intervention is likely to be
important in this vulnerable group, potentially reflecting not only
the impact of treatment, but also the efficiency and availability of
broader healthcare provision.

The high rates of mortality associated with UTIs in PLWD suggest
the need to improve current approaches to UTI diagnosis and
treatment. Rapid, reliable, and accurate diagnosis is required to en-
able timely and appropriate intervention. Current guidelines for the
diagnosis of UTI are reliant on subjective symptom reporting, which
may not be appropriate for PLWD. The recent emergence of portable
point-of-care diagnostics may allow UTI testing that can be deployed
at home, limiting delays associated with sample processing and
analysis in the laboratory.””’® Better understanding of the under-
lying mechanisms and risk factors for UTIs in this population will
further allow the implementation of targeted prevention and
treatment strategies, limiting the potential for inappropriate pre-
scribing and antibiotic misuse.

One of the strengths of this study is the very large sample size
and substantial follow-up period, allowing us to investigate re-
presentative changes in incidence over time. Additionally, this al-
lowed us to conduct demographic matching on an individual level,
reducing potential for confounding. However, the study also has
limitations. Our data lacked clinical factors such as frailty and se-
verity of cognitive impairment, which may have influenced the
likelihood of UTI diagnosis and are independently associated with
mortality risk. Next, we did not have information about how the
coded UTIs were diagnosed. While we excluded a substantial pro-
portion of codes for suspected UTI in our analysis to improve con-
fidence, we were unable to validate the identified infections against
pathology data. The non-specific presentation of illnesses in older
adults with dementia often results in the misdiagnosis of infections
such as UTI, leading to potential delays in the identification and
management of serious or life limiting health conditions. Relatedly,
we are not aware of the clinical context in which the treatment plan
is devised, for instance if patients were under palliative care. We
acknowledge that in some circumstances antibiotic treatment may
not be deemed appropriate for PLWD approaching the end of their
life.”” We also did not account for polypharmacy and the influence of
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other (non-antibiotic) interventions such as the management of pain
or blood pressure, or the review of recurrent prescriptions such as
prophylactic treatments, all of which may have exerted effects on
survival. Finally, we did not examine effects of ethnicity due to
limited heterogeneity within the sample. Findings from this study
could be extended within more diverse populations and consider
effects of residence (i.e., long-term care facilities) to test gen-
eralisability.

In conclusion, our study suggests that individuals with dementia,
especially those with co-morbid diabetes, suffered a dispropor-
tionate incidence of UTI diagnosis over the last twenty years. The
associated mortality observed subsequent to diagnosis potentially
reflects the impact of diagnostic uncertainty as well as delays in
diagnosis and intervention. Our findings highlight the importance of
preventive measures, early and accurate detection, and appropriate
treatment of UTIs in cognitively impaired populations.
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