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Abstract

Objective: To determine the associations of delirium with urinary tract infec-

tion (UTI) and asymptomatic bacteriuria (AB) in individuals aged 65 and

older.

Methods: The protocol for this systematic review and meta-analysis was pub-

lished on PROSPERO (CRD42020164341). Electronic databases were searched

for relevant studies, professional associations and experts in the field were

additionally contacted. Studies with control groups reporting associations

between delirium and UTI as well as delirium and AB in older adults were

included. The random effects model meta-analysis was conducted using odds

ratios (ORs) with 95% confidence intervals (CIs) as effect size measures. The

Newcastle-Ottawa scale was used to rate the studies' quality. Heterogeneity

was assessed using the Q and I2 tests. The effects of potential moderators were

investigated by both subgroup and meta-regression analyses. The risk of publi-

cation bias was evaluated using the funnel plot and Egger's test.

Results: Twenty nine relevant studies (16,618 participants) examining the

association between delirium and UTI in older adults were identified. The

association between delirium and UTI was found to be significant (OR 2.67;

95% CI 2.12–3.36; p < 0.001) and persisted regardless of potential confounders.

The association between delirium and AB in older adults in the only eligible

study found (192 participants) was insignificant (OR 1.62; 95% CI 0.57–4.65;
p = 0.37). All included studies were of moderate quality.

Conclusion: The results of this study support the association between delir-

ium and UTI in older adults. Insufficient evidence was found to conclude on

an association between delirium and AB in this age group. These findings are

limited due to the moderate quality of the included studies and a lack of avail-

able research on the association between delirium and AB. Future studies

should use the highest quality approaches for defining both delirium and UTI

and consider AB in their investigations.

DOI: 10.1111/jgs.17418

Journal of the 

American Geriatrics Society

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2021 The Authors. Journal of the American Geriatrics Society published by Wiley Periodicals LLC on behalf of The American Geriatrics Society.

3312 J Am Geriatr Soc. 2021;69:3312–3323.wileyonlinelibrary.com/journal/jgs

mailto:damir.krinitski@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/jgs


KEYWORD S

asymptomatic bacteriuria, delirium, urinary tract infection

INTRODUCTION

The prevalence of delirium in persons aged 65 and older
(older adults) varies, depending on the method of assess-
ment and the population studied, from 18%–35% in the
general medical ward, to 20%–22% in nursing homes,
25% in geriatric units, and 7%–50% in intensive care
units.1 Delirium in older adults is associated with pro-
longed hospital stays, complexity of care, institutionaliza-
tion and high mortality rates as well as considerable
difficulties for caregivers and increased healthcare
costs.2–4

Urinary tract infection (UTI) among older adults is
also associated with a high number of cases annually and
high healthcare costs.5,6 The diagnosis of UTI requires
not only confirmed bacteriuria but also the presence of
genitourinary symptoms, which often cannot be reliably
confirmed in the many delirious individuals who are
unable to adequately express themselves, thus posing a
challenge to the clinical assessment of such patients.7

When bacteriuria is detected in older adult patients,
many clinicians consider behavioral or mental changes,
including delirium, as non-urinary (also called “non-spe-
cific”) manifestations of UTI,8,9 especially in patients
with cognitive impairment, from whom local urinary
tract symptoms are often difficult to obtain.10 Сlinicians
often prescribe antibiotics for delirium in patients with
confirmed bacteriuria, based on the assumption that anti-
bacterial treatment will manage non-specific psychiatric
symptoms and improve patient outcomes.11,12

The available evidence suggests that there is no clini-
cal benefit (both in terms of preventing further urological
problems, in terms of mental disturbances, and in terms
of mortality) from the treatment of asymptomatic bacteri-
uria (AB), which usually has a benign natural course and
may resolve on its own or persist despite treatment.13,14

Moreover, such treatment may lead to serious side effects
and the possibility of antibiotic-resistant bacteria.15–17

There is also evidence that the administration of antibi-
otics itself is associated with an increased risk of
delirium.18,19

However, the studies addressing the association
between delirium and UTI in older adults are contradic-
tory.20–23 Furthermore, there are limited data on the asso-
ciation between delirium and AB in older adults.13

There have been three systematic reviews published to
date24–26 that have addressed the relationship between delir-
ium and UTI. Balogun and Philbrick24 in their systematic

review concluded that there may be an association between
UTI and delirium in older adults, but the studies reviewed
had methodological flaws that may have led to biased
results. Chae and Miller25 did not limit their study to older
adults and suggested a potential relationship between UTI
and delirium. Mayne and colleagues26 used the less specific
diagnostic category of confusion rather than delirium in
their study. The authors concluded that there were insuffi-
cient data to determine the relationship between confusion
and UTI in older adults, explaining this by poor confusion
or UTI definitions as well as inadequate control of con-
founding factors in individual studies. Previous reviews
used less comprehensive search approaches and did not
provide a meta-analytical synthesis. The association
between delirium and AB has not been separately systemat-
ically studied in any age group.

By answering the main study question, what are the
associations of delirium with UTI and AB in older adults,
this review should improve the available evidence on
these associations.

METHODS

Methods for this systematic review and meta-analysis
have been developed based on recommendations from
the PRISMA statement.27 The protocol for this study,
including the definition of the study questions, descrip-
tion of the search strategy, definition of the inclusion and
exclusion criteria, description of the approach to
assessing risk of bias, and a plan for meta-analytic

Key Points

• There is a significant association between delir-
ium and UTI in older adults.

• The association between delirium and AB in
older adults in the only study we could find
was statistically insignificant.

Why Does this Paper Matter?

Clinicians should be aware of the importance of
assessing UTI symptoms in older adults with
delirium and of the possible presence of delirium
in older adults referred for treatment of UTI.
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synthesis, has previously been published on PROSPERO
under number CRD42020164341.28

Search methods

An electronic search was conducted on January 5, 2021
in the following databases: PubMed, Ovid databases
(Ovid Medline, PsycINFO, Embase), Cochrane Library,
Scopus, CINAHL, Web of Science (Web of Science Core
Collection, KCI-Korean Journal Database, Medline,
Russian Science Citation Index, SciELO Citation Index),
Networked Digital Library of Theses and Dissertations,
and ProQuest Dissertations & Theses Global. When nec-
essary, authors of potentially relevant publications were
contacted directly to request complete usable data. A
manual search was also conducted both in journals and
in the proceedings of conferences and congresses with
the highest impact in the field. We also contacted profes-
sional associations and experts in the field to request any
further relevant data. Further details can be found in
Text S1.

Selection criteria

Study type

Original studies with a control group regardless of their
publication type and design (with the exception of case
series and case studies) were considered. We included
studies reporting the degree of associations, expressed as
odds ratios (ORs), between delirium and UTI as well
as between delirium and AB, or data to calculate these
ORs. We considered studies of individuals (a) with delir-
ium compared with non-delirium controls, (b) with UTI
compared with non-UTI controls, and (c) with AB com-
pared with non-bacteriuric controls.

Population

Older adults (aged 65 and older) with a diagnosis of delir-
ium, UTI or AB. Comparison subjects were participants
without delirium, UTI, or AB respectively. The diagnosis of
delirium could have been made either (1) according to
DSM or ICD diagnostic criteria (any version); or (2) using a
symptom threshold on validated delirium rating scales; or
(3) based on records in medical files/registries. The diagno-
sis of UTI could have been made either (1) on the basis of
presence of 1 or more species of bacteria growing in the
urine specimen at specified quantitative counts (≥105

colony-forming units [CFU]/ml or ≥108 CFU/L) in the

presence of classic signs or symptoms of (a) cystitis (dysuria,
urinary frequency and/or urgency, suprapubic pain or ten-
derness, hematuria) or (b) pyelonephritis (flank pain, cost-
overtebral angle pain or tenderness) or (c) systemic illness
(fever, chills, rigors, marked fatigue, malaise beyond base-
line) or (2) based on a listing of the diagnosis of UTI in
medical records without additional data on tests performed
and presence of UTI symptoms. The diagnosis of AB could
have been made either (1) on the basis of presence of 1 or
more species of bacteria growing in the urine specimen at
specified quantitative counts (≥105 CFU/ml or ≥108 CFU/
L) in the absence of signs or symptoms attributable to UTI
or (2) on the basis of study-defined criteria or (3) based on a
listing of the diagnosis of AB in medical records.

Outcomes

The outcome measures were ORs expressing the associa-
tion between delirium and UTI, and between delirium
and AB in older adults.

Identification and selection of studies, data
extraction, assessment of study quality

These steps were performed blindly by D.K. and R.K. and
are described in detail in Text S1. The quality of the stud-
ies was assessed using the Newcastle-Ottawa scale29 (see
Text S2 with the scale content and Table S4 with the
detailed results of each study assessment).

Statistical analysis

ORs were extracted when they were available or calcu-
lated from the available data. We used random-effects
model in our meta-analysis. First, we performed a meta-
analysis of ORs across all studies addressing the associa-
tion between delirium and UTI in older adults. Next, a
sensitivity analysis was conducted by (1) removing the
study with the highest relative weight and (2) removing
the one clear outlier with the highest effect size. Then we
conducted a subgroup meta-analyses of the studies (1) in
which participants with delirium were compared with
non-delirium controls, (2) in which participants with UTI
were compared with non-UTI controls, (3) with a diagno-
sis of delirium based on DSM or ICD criteria, (4) with a
diagnosis of UTI based on microbiological urine tests,
(5) conducted in the clinical setting, (6) conducted in
nursing homes, (7) of population-based samples.

Additionally, we performed meta-regression analyses
including year of study publication, study country, type,
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temporality and setting, delirium and UTI assessment
method, rating on the Newcastle-Ottawa scale, age of
study participants, their gender distribution and resi-
dence status, psychiatric and medical comorbidities, and
received medications as regressors (for a complete list of
all regressors, see Table S5).

We used Cochran's Q test and I2 values to assess the
heterogeneity of effect sizes. We used funnel plot as well
as Egger's regression asymmetry test30 to assess the pres-
ence of the publication bias. We used Duval and
Tweedie's “trim and fill” method to examine the effect of
the missing results caused by publication bias, if it was
detected.31 With this method, a pooled effect size is rec-
alculated by including the hypothetical missing studies as
if they actually existed to augment the observed data so
that the funnel plot is more symmetrical.

In the only study found addressing the association
between delirium and AB in older adults, the OR was cal-
culated separately.

Analyses were performed using Comprehensive
Meta-Analysis Version 3 (Biostat, Englewood, NJ 2013).

RESULTS

Figure 1 illustrates the study selection process, with
29 studies20–23,32–56 being retained for a meta-analysis of
the associations between delirium and UTI, comprising
16,618 participants, with 26 studies20,21,23,32–38,40–55 com-
paring participants with delirium (4842 individuals) to
those without delirium (10,849 individuals), and 3 stud-
ies22,39,56 comparing participants with UTI (266 individ-
uals) to those without UTI (661 individuals) (for details
on each study, see Table 1 and Table S1). A study by Gau
and colleagues22 presented data on the association
between delirium and UTI as well as on the association
between delirium and AB (192 participants in total:
50 individuals with AB and 142 non-bacteriuric subjects)
and this was the only study we could find that addressed
this association: the OR with a 95% confidence interval
(CI) for this association was calculated separately (for
details see Table 1 and Table S2). Studies not included in
the meta-analysis after evaluation of the full text are
listed in Table S3, with reasons for exclusion.

The results of all analyses relating the associations
between delirium and UTI in older adults are summa-
rized in Table 2, which reports the effect sizes (ORs with
95% CI) as well as tests of heterogeneity and publication
bias (Egger's test).

Our first analysis of all 29 available studies of associa-
tions between delirium and UTI found a significant
pooled effect size (OR 2.67; 95% CI 2.12–3.36; p-value
<0.001) (Figure 2). Heterogeneity was high and

significant, Egger's test was also significant, indicating
publication bias. Correction of publication bias using
Duval and Tweedie's method yielded the following result:
OR 2.17; 95% CI 1.72–2.74 (see Figure S1).

After removing the study with the highest weight34 as
well as after removing one clear outlier with the highest
effect size,55 results remained significant. Subgroup meta-
analyses of studies (1) in which participants with delirium
were compared with non-delirium controls,20,21,23,32–38,40–55

(2) in which participants with UTI were compared with
non-UTI controls,22,39,56 (3) with a diagnosis of delirium
based on DSM or ICD criteria,23,32,36–40,42,45,46,49,50,53–55

(4) with a diagnosis of UTI based on microbiological urine
tests,22,56 (5) conducted in the clinical setting,21–23,32–38,41–
46,48–50,52,54–56 (6) conducted in nursing homes,20,47,51 and
(7) of population-based samples39,40 each found a statistically
significant pooled OR (see Figures S2–S17). Thus, the results
of all sensitivity and subgroup meta-analyses (see Table 2
and Figures S2–S17) were also statistically significant.

Meta-regression analysis showed that year of study
publication, study country, type, temporality and setting,

FIGURE 1 PRISMA diagram of included and excluded studies.

PRISMA, Preferred Reporting Items for Systematic Reviews and

Meta-Analyses
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TABLE 1 Main characteristicsa of included studies reporting associations of delirium with urinary tract infections and asymptomatic

bacteriuria in older adults

Study Study design
Approaches to the diagnosis of
delirium, UTI, and AB

Alvarez-Perez, 201732 Retrospective сohort study Delirium: DSM-5 criteria
UTI: record in medical charts

Amado Tineo, 201333 Prospective cross-sectional study Delirium: CAM
UTI: record in medical charts

Anderson, 201020 Prospective cohort study Delirium: CAM
UTI: record in medical charts

Arshi, 201834 Prospective cohort study Delirium: record in medical charts
UTI: record in medical charts

Brouquet, 201021 Prospective cohort study Delirium: CAM
UTI: record in medical charts

de Bortoli Pereira, 201835 Prospective cross-sectional study Delirium: CAM
UTI: record in medical charts

Edlund, 200136 Prospective cohort study Delirium: DSM-IV criteria
UTI: record in medical charts

Edlund, 200637 Prospective cohort study Delirium: DSM-IV criteria
UTI: record in medical charts

Elsamadicy, 201738 Retrospective cohort study Delirium: DSM-5 criteria
UTI: record in medical charts

Eriksson, 201039 Prospective cross-sectional study Delirium: DSM-IV criteria
UTI: record in medical charts

Eriksson, 201140 Prospective cross-sectional study Delirium: DSM-IV criteria
UTI: record in medical charts

Gau, 200922 Retrospective case–control study Delirium: record in medical charts
UTI: positive microbiological urine tests
and presence of UTI symptoms

AB: positive microbiological urine tests
and absence of UTI symptoms

Gual, 201841 Prospective cohort study Delirium: CAM
UTI: record in medical charts

Jitapunkul, 199223 Prospective cohort study Delirium: DSM-III-R criteria
UTI: record in medical charts

Khurana. 200242 Prospective cohort study Delirium: ICD-10 research criteria
UTI: record in medical charts

Kobayashi, 201743 Retrospective cohort study Delirium: record in medical charts
UTI: record in medical charts

Large, 201344 Prospective cohort study Delirium: CAM
UTI: record in medical charts

Lundström, 200445 Control group from an RCT considered
as a prospective cohort

Delirium: DSM-IV criteria
UTI: record in medical charts

Lundström, 200546 Control group from an RCT considered
as a prospective cohort

Delirium: DSM-IV criteria
UTI: record in medical charts

Marcantonio, 200547 Prospective cohort study Delirium: CAM
UTI: record in medical charts

Morandi, 201948 Retrospective cohort study Delirium: CAM
UTI: record in medical charts

Olofsson, 200549 Prospective cohort study Delirium: DSM-IV criteria
UTI: record in medical charts
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delirium and UTI assessment method, rating on the
Newcastle-Ottawa scale, age of study participants, their
gender distribution, and residence status did not signifi-
cantly influence the pooled ORs. Among the comorbid

psychiatric and medical conditions we examined as
regressors only the presence of dehydration, urinary cath-
eter, and urinary retention had a statistically significant
effect on the pooled OR. In a meta-regression analysis,

TABLE 1 (Continued)

Study Study design
Approaches to the diagnosis of
delirium, UTI, and AB

Olofsson, 201850 Prospective cohort study Delirium: DSM-IV-TR criteria
UTI: record in medical charts

Perez-Ros, 201851 Retrospective case–control study Delirium: DSM-IV criteria, CAM
UTI: record in medical charts

Raats, 201552 Prospective cohort study Delirium: DSM-IV criteria, DOSS
UTI: record in medical charts

Sandberg, 199953 Prospective cross-sectional study Delirium: DSM-III-R criteria
UTI: record in medical charts

Schuurmans, 200354 Prospective cohort study Delirium: DSM-IV criteria
UTI: record in medical charts

Stroomer-van Wijk, 201655 Prospective case–control study Delirium: DSM-IV criteria
UTI: record in medical charts

Wojszel, 201856 Prospective cohort study Delirium: DOSS
UTI: positive microbiological urine tests
and presence of UTI symptoms

Abbreviations: AB, asymptomatic bacteriuria; CAM, Confusion Assessment Method; DOSS, Delirium Observation Screening Scale; DSM, Diagnostic and
Statistical Manual of Mental Disorders (number refers to the edition); ICD, International Classification of Diseases (number refers to the edition); RCT,
randomized controlled trial; UTI, urinary tract infection.
aFor further details, see Tables S1 and S2.

TABLE 2 Summary of results demonstrating pooled odds ratios in the main meta-analysis, sensitivity analysis and subgroup meta-

analysis of associations between delirium and urinary tract infections in older adults

Heterogenity Egger's test

Type of analysis N OR (95% CI) p value Q p value I2 t p value

All studies20–23,32–56 29 2.67 (2.12–3.36) <0.001 70.87 <0.001 60.49 2.95 0.007

After removing the study with the highest weight34 28 2.77 (2.24–3.43) <0.001 47.22 0.009 42.83 1.06 0.301

After removing one clear outlier55 28 2.57 (2.06–3.20) <0.001 63.07 <0.001 57.19 2.62 0.014

Studies in which participants with delirium were
compared with non-delirium controls20,21,23,32–38,40–55

26 2.62 (2.05–3.34) <0.001 59.16 <0.001 57.74 2.81 0.010

Studies in which participants with UTI were compared
with non-UTI controls22,39,56

3 3.07 (1.33–7.06) 0.008 10.29 0.006 80.56 1.03 0.490

Studies with a diagnosis of delirium based on DSM or
ICD criteria23,32,36–40,42,45,46,49,50,53–55

15 3.01 (2.25–4.01) <0.001 22.82 0.063 38.64 2.75 0.017

Studies with a diagnosis of UTI based on
microbiological urine tests22,56

2 4.15 (1.32–13.05) 0.015 4.88 0.027 79.50 NA NA

Studies conducted in the clinical
setting21–23,32–38,41–46,48–50,52,54–56

23 3.22 (2.37–4.37) <0.001 63.94 <0.001 65.59 3.11 0.005

Studies conducted in nursing homes20,47,51 3 1.64 (1.09–2.48) 0.018 2.14 0.343 6.60 0.52 0.696

Studies of population-based samples39,40 2 2.19 (1.52–3.14) <0.001 1.19 0.276 15.90 NA NA

Abbreviations: N, number of studies included in the analysis; NA, not applicable; OR, odds ratio; 95% CI, 95% confidence interval.
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we also found a statistically significant effect of receiving
benzodiazepines and drugs with anticholinergic proper-
ties on the pooled ORs. For details on meta-regression
analysis, see Tables S5–S13.

The association between delirium and AB in older
adults in the only study reporting this association that we
could find22 was statistically insignificant: OR 1.62; 95%
CI 0.57–4.65; p-value 0.37.

FIGURE 2 Forest plot of the main meta-analysis of 29 studies20–23,32–56 expressing associations between delirium and UTI in older

adults. 95% CI, 95% confidence interval
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DISCUSSION

To our knowledge, this is the first meta-analysis of the
associations of delirium with UTI and AB. Only delirium
and UTI were found to be significantly associated.

Through subgroup meta-analysis, the association
between delirium and UTI persisted regardless of
whether individuals with delirium were compared with
non-delirium individuals, or individuals with UTI were
compared with non-UTI individuals. This association
remains significant when considering (1) only those stud-
ies in which delirium was diagnosed according to formal
diagnostic criteria and (2) only those studies in which the
diagnosis of UTI was based on positive results of microbi-
ological urine tests combined with the presence of UTI
symptoms, making it unlikely that our results were
biased by non-optimal approaches to detecting delirium
and UTI.

According to both subgroup meta-analysis and meta-
regression analysis, the association between delirium and
UTI in older adults was similar in clinical, nursing home,
and population-based samples; thus, clinical referral bias
cannot account for this association.

Meta-regression analysis showed that gender, age,
and differences defining delirium and UTI also had no
statistically significant effect on the association between
delirium and UTI, which is consistent with the results of
our subgroup meta-analysis. There was also no statisti-
cally significant effect of study design (cohort, case–con-
trol, cross-sectional) and temporality (prospective and
retrospective) on the association we studied. The effect of
the study country did not reach statistical significance.
This observation should be interpreted with caution as
only one or two studies were available for most countries.

It is noteworthy that preexisting dementia did not
show a statistically significant impact on the association
between delirium and UTI in older adults in the meta-
regression analysis. It is conceivable that recognition of
both delirium and UTI is more difficult in individuals
with dementia, making such an association less detect-
able. This issue requires further study.

Among the moderators related to somatic conditions
we found only dehydration, urinary retention, and the
presence of a urinary catheter were found to have signifi-
cant effects on the association between delirium and UTI
in older adults. However, the use of a urinary catheter
has previously been associated with both delirium and
UTI.57,58 The associations of delirium with dehydration
and urinary retention have also been reported,59–61 and
there are some suggestions of a possible association
between UTI and urinary retention.62 Although data on
the association between UTI and dehydration are contra-
dictory, an adequate hydration is thought to improve the

results of antimicrobial therapy for UTI.63,64 In the meta-
regression analysis focusing on medication status we
found a statistically significant effect of benzodiazepines
and drugs with anticholinergic properties on the associa-
tion between delirium and UTI. However, the association
between delirium and drugs from both of these groups
has already been described previously.65–67

Study quality was not a significant predictor in the
meta-regression analysis, which is consistent with our
meta-analysis of subgroups demonstrating that signifi-
cant results persisted when only the most rigorous stud-
ies were included, that is, studies in which the diagnosis
of delirium was based on formal diagnostic criteria, and
studies in which UTI was diagnosed based on results of
microbiological urine tests.

There was statistically significant heterogeneity in
both the main meta-analysis and most subgroup meta-
analyses. However, in the sensitivity analysis with the
removal of the study with the highest relative weight,
the heterogeneity expressed by the I2 value decreased
from 60.49 (substantial) to 42.83 (moderate). The degree
of heterogeneity was not significant in the subgroup
meta-analysis that included studies with a diagnosis of
delirium based on formal criteria, as well as in two
smaller subgroup meta-analyses that included three stud-
ies conducted in nursing homes and two studies of
population-based samples.

There was also statistically significant publication bias
in both the main meta-analysis and most subgroup meta-
analyses. However, the publication bias was insignificant
in the sensitivity analysis with the removal of the study
with the highest relative weight as well as in two small
subgroup meta-analyses involving three studies in which
participants with UTI were compared with non-UTI con-
trols and three studies conducted in nursing homes.
Where publication bias was observed, we attempted to
correct the results obtained using Duval and Tweedie's
“trim and fill” method, which identified potentially miss-
ing studies to add predominantly to the left side of the
funnel plots to ensure symmetry. Adjusted ORs were
slightly attenuated but remained significant (for details
see Figures S1–S17).

Cross-sectional data are insufficient to identify causal-
ity in the association between delirium and UTI. The vast
majority of the included longitudinal studies lack data on
urine examination findings at baseline. However, in two
studies22,56 where such data are available, the number of
individuals with and without delirium is pooled for the
entire follow-up period. Thus, we cannot show whether
one condition temporarily precedes another, thus con-
tributing to its emergence.

In the absence of a clear signal from longitudinal
studies, several possibilities arise: (1) UTI or related
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factors may increase the risk of developing delirium;
(2) delirium may increase the risk of developing UTI;
(3) delirium and UTI share some biological risk factors.
Regarding the first possibility, there is convincing evidence
that inflammation, which is part of the infectious process,
itself increases the risk of delirium.68,69 As for the second
hypothesis, we were unable to assess comprehensively the
effect of delirium subtypes, its symptoms severity, or fre-
quency on the association between delirium and UTI,
because of the paucity of data. However, the administration
of drugs with anticholinergic side effects, as well as benzodi-
azepines, which are known to increase the risk of
delirium,65–67 had a statistically significant effect on
the association between delirium and UTI. It also
seems reasonable that the inability of patients with
delirium to maintain proper personal hygiene may
increase the risk of UTI and complicate its treatment.
This point represents an area for future research. The
third hypothesis of shared biological dysfunction in
delirium and UTI reflects the idea that many condi-
tions traditionally thought to be nervous system disor-
ders also involve changes in other physiological
systems70–73 including the immune system.

Despite extensive searching, we were unable to assess
meta-analytically the association between delirium and
AB in older adults: our results were limited to only one
suitable study, which showed no statistically significant
association between the two conditions.

Our results should be seen within the context of some
limitations. First, we tried to include unpublished
research data by contacting experts in the field, but were
ultimately unable to obtain any unpublished data. Sec-
ond, there were a group of studies whose results could
potentially be used in our meta-analysis if the necessary
quantitative data were reported in publications, but we
were only able to obtain these data from a few authors.
Third, we were unable to find any study in which both
conditions (UTI or AB and delirium) were defined
according to the highest diagnostic standards: in all pub-
lications one of the conditions was identified based on a
record in the medical files. Fourth, the limited data avail-
able on the association between delirium and AB in the
older adults should also be taken into account. All of
the above suggests that our evidence is of moderate qual-
ity and further research is needed to investigate both the
associations and the factors affecting them.

Some limitations are also related to the results of the
meta-regression analysis. First, these results are mostly
based on subsets of studies. Second, the influence of a
number of somatic conditions on the association between
delirium and UTI could not be properly assessed, as the
individual studies did not report subtypes of the respec-
tive conditions (e.g., diabetes mellitus, type I or II) that

were important for understanding such an effect. Third,
we were only able to assess the effect of a small group of
medications on the association we examined because
many of the included studies did not report data on the
medications taken by participants.

Our findings have important clinical and medical impli-
cations. Clinicians should be aware, of the importance of
assessing UTI symptoms in older adults with delirium, and
of the possible presence of delirium in older adults referred
for treatment of UTI. Due to the lack of relevant data, no
reliable conclusions can be drawn about the association
between delirium and AB in older adults from our study,
which points to the need for high-quality prospective
research addressing this association.

The effects of treatment of UTI and AB on their asso-
ciations with delirium are of particular interest for fur-
ther research, as clinicians are ultimately interested in
whether treatment of UTI and AB can improve delirium.
In this context, the impact of treatment of usually benign
AB in those subgroups of older adults who due to varying
factors are at higher risk of developing UTI and urosepsis
also merits further closer study. The influence of individ-
ual types of organisms (including those associated with a
higher incidence of drug resistance) remains open to fur-
ther research as well.
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