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Abstract

Background: Non-specific symptoms, such as confusion, are often suspected to be caused by urinary tract
infection (UTI) and continues to be the most common reason for suspecting a UTl despite many other potential
causes. This leads to significant overdiagnosis of UTI, inappropriate antibiotic use and potential harmful outcomes.
This problem is particularly prevalent in nursing home settings.

Methods: A systematic review of the literature was conducted assessing the association between confusion and UTI in
the elderly. PubMed, Scopus and Psychinfo were searched with the following terms: confusion, delirium, altered mental
status, acute confusional state, urinary tract infection, urine infection, urinary infection and bacteriuria. Inclusion criteria and
methods were specified in advance and documented in the protocol, which was published with PROSPERO (registration
ID: CRD42015025804). Quality assessment was conducted independently by two authors. Data were extracted using a
standardised extraction tool and a qualitative synthesis of evidence was made.

Results: One thousand seven hunderd two original records were identified, of which 22 were included in the final analysis.
The quality of these included studies varied, with frequent poor case definitions for UTI or confusion contributing to large
variation in results and limiting their validity. Eight studies defined confusion using valid criteria; however, no studies
defined UTI in accordance with established criteria. As no study used an acceptable definition of confusion and UTI, an
association could not be reliably established. Only one study had acceptable definitions of confusion and bacteriuria,
reporting an association with the relative risk being 1.4 (95% Cl 1.0-1.7, p=0.034).

Conclusions: Current evidence appears insufficient to accurately determine if UTI and confusion are associated, with
estimates varying widely. This was often attributable to poor case definitions for UTI or confusion, or inadequate control

of confounding factors. Future well-designed studies, using validated criteria for UTl and confusion are required to examine
the relationship between UTI and acute confusion in the elderly. The optimal solution to clarify this clinical issue would be
a randomized controlled trial comparing the effect of antibiotics versus placebo in patients with new onset or worsening
confusion and presence of bacteriuria while lacking specific urinary tract symptoms.
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Background

It is well documented that lower urinary tract infec-
tion (UTI) should only be diagnosed when there are
new onset localising genitourinary signs and symp-
toms and a positive urine culture result [1]. However,
despite new onset or worsening of confusion being a
non-specific symptom, it continues to be the most
common reason for suspecting a lower UTI in elderly
patients, often leading to antibiotic treatment [2-4].
The diagnosis of UTI is further complicated by the
high prevalence of asymptomatic bacteriuria, particu-
larly in nursing home residents, varying between 25
and 50% for women and 15-40% for men, without an
indwelling urinary catheter [5]. While urine cultures
can guide the choice of antibiotic, their poor positive
predictive value means a positive culture alone should
not warrant initiation of antibiotics [6]. Additionally,
evidence suggests patients with confusion and demen-
tia are more likely to be continuously bacteriuric [7].
Due to all of these confounding factors, new onset or
worsening of non-specific symptoms in residents is
one of the major diagnostic challenges in caring for
the elderly.

Subsequently, many different consensus based criteria
to enable appropriate diagnosis of UTI have been de-
vised, most notably the revised Mcgeer and updated
Loeb criteria [1, 8]. Despite the difficulty of diagnosing
UT]I, there is sound evidence that elderly residents with
symptomatic lower UTI should receive antibiotic treat-
ment and elderly residents with asymptomatic bacteri-
uria should not [9, 10]. Although inappropriate antibiotic
use results in those few residents suffering from a lower
UTI to be treated promptly, it leads to significant overdi-
agnosis of UTI and potentially harmful outcomes through
misdiagnosis. With many residents receiving unnecessary
antibiotics with possible adverse reactions, and the ever-
increasing rates of antibiotic resistance, it is evident that
inappropriate antibiotic use in this population must be re-
duced [11].

A previous literature review conducted by Balogun et al.
exclusively reviewed the association between symptomatic
UTI and delirium in the elderly in five publications. It
concluded that there may be an association between
symptomatic UTI and delirium; however, some methodo-
logical flaws may have led to biased results [12]. It was
limited by only using the term delirium and excluding
terms like confusion, resulting in many publications po-
tentially being excluded. In addition, Balogun et al. only
searched the Medline database potentially missing import-
ant publications.

UTI is a broad diagnosis encompassing infections aris-
ing from all levels of the urinary tract, ranging in severity
from acute cystitis to acute pyelonephritis. This systematic
review aims to review the evidence for the association
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between acute cystitis or bacteriuria and confusion in the
elderly in all care settings.

Methods

Protocol and registration

The review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [13]. Inclusion cri-
teria and methods were specified in advance and
documented in the review protocol. The initial protocol
was published with PROSPERO International prospect-
ive register of systematic reviews, registration number
CRD42015025804.

Eligibility criteria
This review included quantitative studies which met the
following inclusion criteria:

— Elderly participants. The majority of the participants
in the study must be representative of an elderly
population, defined as the median or mean age > 65
years.

— Primary studies in which participants with lower UTI
or bacteriuria were assessed for concurrent confusion,
or participants with confusion were assessed for
concurrent UTT or bacteriuria.

— Any care setting (Hospital, Community, Long Term
Care Facility).

The following exclusion criteria were applied:

— Studies that refer to specific sub-populations of patients
with UTL Examples include: stroke patients, Alzheimers
or dementia patients or post-surgical patients

— Studies that exclusively report catheter associated
UTIL

— Non-English publications

— Case studies

The primary outcomes of interest were confusion,
UTI and bacteriuria. Due to the large variety of ter-
minology that surrounds the symptom of confusion,
definitions used for confusion in this review encom-
passed: confusion, acute confusional state, delirium, al-
tered mental status, altered mental state. This broad
definition was used so as to capture all studies which
may have assessed confusion but used alternative ter-
minology. No absolute lower age limit was set, as it
was anticipated that these would have an overall
negligible effect on the data. This was so as to not ex-
clude studies which may present data representative of
an elderly population but which included a small mi-
nority of non-elderly participants. Studies that referred
to specific subpopulations, or exclusively reported
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catheter associated UTI were also excluded so as to ex-
plore the association between confusion and UTI or
bacteriuria in a general elderly population.

Identification of studies

Three databases were accessed to identify studies eligible
for this review: PubMed, Scopus and PsycINFO (via
ProQuest). The search terms were related to three key
topics: confusion, UTI and bacteriuria (Table 1) with ad-
aptations for Scopus and PsycINFO. No restrictions on
date or language were applied and studies published up to
August 2015 were included. Once the final list of full text
articles was determined, the references and citation his-
tory of the included studies were screened for other po-
tential studies eligible for the review. The full texts of any
new studies deemed possibly eligible for inclusion, were
then retrieved and assessed.

Study selection

After each database had been searched, the search results
were collated and duplicates removed. Titles and, where
available, abstracts retrieved were assessed for eligibility
against the described inclusion criteria. Studies that clearly
did not meet the review’s criteria were excluded. The full
texts of potentially eligible studies and those that after title
and abstract screening were not able to be definitively ex-
cluded were retrieved. The full text articles were then
assessed for eligibility by the first reviewer (SM). Studies
that could not be definitively excluded were discussed and
resolved by consensus with another reviewer (RG). Studies
excluded at this stage were recorded and their reason for
exclusion is reported.

Data extraction

Data extraction was performed by one author (SM) using a
standardised, pre-designed data extraction form, with the
exception of data relevant to the quality assessment which
was extracted by two review authors (SM and AB) inde-
pendently. Any discrepancies identified were resolved by
consensus, or through discussion with the third reviewer
(RQ). Data extracted from each eligible study included:

— General information: author, year of publication,
title, type of publication, journal;
— Study characteristics: aim, study design;

Table 1 PubMed Search Strategy

“Delirium”[Mesh] OR “Confusion”[Mesh] OR “acute confusional state”[All
Fields] OR “altered mental status’[All Fields] OR “altered mental state"[All
Fields] OR “delirium”[All Fields] OR “confusion’[All Fields]

AND

“Urinary Tract Infections’[Mesh] OR “Bacteriuria’[Mesh] OR “urinary
infection”[All Fields] OR “urine infection"[All Fields] OR “urinary tract
infection"TAll Fields] OR “Bacteriuria"[All Fields]
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— Patient sample: number, age, gender, presence
of urinary catheters;

— Care setting: Hospital, Long-term Care Facility,
Community;

— Confusion criteria: criteria utilised to diagnose
confusion;

— UTI/Bacteriuria criteria: criteria utilised to diagnose
UT1/bacteriuria;

— Results: association between UTI/bacteriuria and
confusion if reported, rates of patients with UTI/
bacteriuria having confusion, rates of patients with
confusion having UTI/bacteriuria;

— Risk of bias: see Quality Assessment below

Quality assessment / risk of Bias

Two review authors (SM and AB) assessed the risk of bias
of included studies independently, with any discrepancies
being resolved by consensus, or through discussion with a
third reviewer (RG), if necessary. The risk of bias was
assessed using a modified version of the assessment
checklist developed by Downs and Black [14]. Quality
items that pertained to interventions and trial studies were
removed as they were not deemed to be appropriate for
the studies included in this review. An additional five
quality items were added to the quality assessment to de-
termine if studies described the criteria used for confu-
sion, UTT and bacteriuria, and if their criteria for UTI and
confusion were valid and reliable. Criteria for confusion
were deemed valid and reliable if accepted criteria were
utilised, including: the Confusion Assessment Method, the
Organic Brain Syndrome Scale or the Diagnosis and Stat-
istical Manual (DSM) criteria [15-17]. Similarly, criteria
for UTI were deemed valid and reliable if established cri-
teria for UTT were utilised, including: the McGeer Criteria,
the revised McGeer Criteria, the Loeb Criteria, or the Re-
vised Loeb Criteria [1, 8, 18, 19]. The modified checklist fi-
nally consisted of 14 quality items, grouped into:
reporting, internal validity, external validity and criteria
(Table 2). The risk of bias for each quality item was re-
ported as low risk of bias, high risk of bias, unclear risk of
bias or not applicable.

Data synthesis

Although the broad search strategy described was
employed to enable the meta-analysis of data from in-
cluded studies if deemed feasible, due to the heterogen-
eity of the data and the variety of definitions for
confusion and UTI reported between the studies,
meta-analysis was not conducted. Alternatively, a quali-
tative synthesis of the findings from the included studies
was performed, structured around the quality of data,
consistency of definitions and the evidence for the asso-
ciation between confusion and UTL
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Table 2 Quality Assessment Criteria
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[tem Category Quality Assessment
Number
1 Reporting  The main outcomes of the study to be measured are clearly described in the Introduction or Methods section
2 Reporting  The characteristics of the patients included in the study are clearly described (ie. Inclusion and Exclusion Criteria stated,
case definition and the source for controls stated in case control studies)
3 Reporting  The number/characteristics of non-responders (cross-sectional) or patients lost to follow-up (longitudinal) have been
described
4 Reporting  The study provides estimates of the random variability in the data for the association of UTI or Bacteriuria and confusion
5 Reporting Actual probability values have been reported for the association between UTI and Delirium eg. p =.035 not p < 0.5, except
where p < 0.001
6 Internal The statistical tests used to assess the association of UTI or Bacteriuria and confusion were appropriate.
Validity
7 Internal The distribution of principle confounders in each comparison group were clearly described
Validity
8 External Patients asked to participate in the study were representative of the entire population of which they were recruited (source
Validity population identified and those asked to participate were either the entire population or a randomised sample
of the entire population)
9 External Those participants who were prepared to participate, were representative of the entire population of which they were
Validity recruited? > 70% = Yes, < 70% = No
10 Criteria The criteria used to define caseness for UTI was described
11 Criteria The criteria used to define caseness for UTI was valid and reliable
12 Criteria Criteria for Bacteriuria was described
13 Criteria The criteria used to define caseness for confusion was described
14 Criteria The criteria used to define caseness for confusion was valid and reliable
Results met the inclusion criteria and were included in the sys-

Study selection

Searches identified a total of 1907 records (Fig. 1). After
duplicate records were removed, 1722 remained. These
articles were then screened by title and abstract against
the inclusion and exclusion criteria, leading to the ex-
clusion of 1657 articles, as it appeared they clearly did
not fulfil the eligibility criteria. Eleven potential records
were excluded as their full texts were unable to be ob-
tained. The full texts of the remaining 54 articles were
closely examined. Thirty-five articles were excluded at
this stage, with the most common reason being the
study reported confusion and UTI/bacteriuria in their
population, but not in relation to each other [20-34].
Other common reasons included: the study did not re-
port confusion [35-39], the study did not report UTI/
bacteriuria [2, 40—43], the study only reported the asso-
ciation in a specific subpopulation [44—46], or the study
combined their measurement of confusion with other
parameters [7, 47-50]. Two studies were also excluded
as UTI and confusion were not assessed concurrently
[51] and reported UTI was combined with other pa-
rameters [52]. Three additional studies that met the in-
clusion criteria were identified by searching the
references of relevant articles and searching for studies
that cited these articles. No studies were deemed suit-
able for quantitative synthesis. A total of 22 articles

tematic review.

Quality assessment

The quality of the studies included in this review varied
considerably (Fig. 2). This is partially due to inclusion of
all studies that reported data on the rate of confusion in
patients with suspected UTI or bacteriuria, or vice versa,
even if it was not the main objective of the study.
Reporting of main outcomes, description of patient charac-
teristics and number of non-responders/patients lost to fol-
low up were done well in most studies, with only one small
study not clearly describing their main outcomes [53] and
four studies not reporting the number of non-responders
or patients lost to follow up [40, 54-56]. In terms of in-
ternal validity, all applicable studies were deemed to have
used appropriate statistical tests; however, half of the stud-
ies did not clearly describe other principle confounders in
their comparison groups. The external validity, however, of
all studies, was generally very high.

The quality of the criteria used to define UTI, bacteri-
uria and confusion varied considerably and was generally
quite poor. No studies used criteria for UTI completely
consistent with the revised Mcgeer or Loeb Criteria. Two
studies employed a reproducible definition of UTI al-
though neither employed published explicit criteria devel-
oped through expert consensus. [57, 58]. Many studies
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Records identified through
database searching
(n=1907)

Records after duplicates removed
(n=1722)

Total records excluded
(n=1668)

Records excluded through

Records screened
(n=1722)

abstract and title
(n=1657)

Full text not available (11)

Additional records
identified through
other sources
(n=3)

—>

Full-text articles assessed
for eligibility >
(n=57)

Full-text articles excluded
(n=35)

Reports Confusion/Delirium and
UTI/Bacteriuria, but notin
relation to each other (15)

{ Eligibility ’ [ Screening ] { Identification]

Studies included in
qualitative synthesis
(n=22)

Does not report
Confusion/Delirium (5)

Does not report UTI/Bacteriuria
(5)

Included

Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

Subset/specific population (3)

Confusion combined with other
symptom/parameter (5)

Fig. 1 Flow diagram showing identification of studies for inclusion in this systematic review according to PRISMA guidelines

UTI combined with other
parameter (1)

UTI and Confusion not assessed
concurrently (1)

utilised discharge coding from patient databases which re-
sulted in the reliability of their criteria being unable to be
determined [59-65]. Two studies were identified that used
criteria that were clearly inappropriate [66, 67]. Three
studies did not provide a definition for UTI, as they re-
ported confusion in association with validated criteria for
bacteriuria only [3, 68, 69]. Only one of these studies uti-
lised an appropriate definition of bacteriuria and validated
criteria for delirium [3]. Three of the studies which pro-
vided a definition for UTT also defined criteria for bacteri-
uria [56, 58, 67].

Almost all studies provided a definition of confusion cri-
teria, but only eight studies used criteria that were valid
and reliable (Table 3) [3, 54, 55, 60, 66, 70—72]. Five stud-
ies used criteria for confusion which were clearly not valid
or reliable [65, 67—69, 73], and nine were unclear in their
criteria used (Table 4) [53, 56-59, 61-64].

Characteristics of included studies

There were four large retrospective cross-sectional
studies, and among the remaining studies the number
of patients in each study varied considerably from
small community samples of 9 to larger hospital sam-
ples of 710 (Tables 3 and 4). The majority of the
studies identified were cross-sectional in design. Ap-
proximately half of the studies had an entirely elderly
population > 65 years (n=10), with the other half of
studies having populations deemed to be representa-
tive of an elderly population by median or mean age >
65years (n=10). In the two remaining studies, one
conducted in a nursing home and the other in a psy-
chogeriatric unit, the demographics of the patient
sample were not provided. They were believed to be
representative of an elderly population by their care
setting. The proportion of participants with urinary
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catheters was unclear in the majority of included
studies (1 = 14). In the remaining studies, urinary catheter
rates were high, 37-51% (n = 3), low 1.8-5.5% (1 =2) and
none (n=3). The majority of the studies were con-
ducted in a hospital setting (n = 14), followed by nurs-
ing homes (n=6) and community settings (n=2).
Interestingly, only two of the included studies had the
explicit aim of exploring the association between con-
fusion and UTI; however, ten studies did partially ex-
plore this association.

Results of individual studies

Among the included studies, the rate of confusion in pa-
tients with suspected UTI was most commonly reported
(n=13) followed by the rate of suspected UTI in pa-
tients with confusion (# = 10). Some studies reported the
rate of confusion in patients with bacteriuria (= 4) and
one study reported the rate of bacteriuria in patients
with confusion. The majority of studies reported confu-
sion as delirium (n=15), followed by a few reporting
confusion (n = 3), altered mental state (# =2), and men-
tal status changes (n = 1), with one study reporting both
delirium and altered mental status [57]. Twelve studies
analysed the correlation between suspected UTI or bac-
teriuria and confusion (Tables 3 and 4).

Synthesis of results

No study used validated definitions of both confusion and
UTI, so this association could not be reliably established.
Only one study by Juthani-Metha et al. had an acceptable
definition of confusion and an acceptable definition of bac-
teriuria. They found an association between bacteriuria and
confusion with the relative risk being 1.4 (95% CI 1.0-1.7,
p=0034) [3].

Discussion

Summary of the evidence

Following this review, it is evident that all of the studies
which have explored the association between suspected
UTI and confusion are methodologically flawed, due to
poor case definition for UTI or confusion, or inadequate
control of confounding factors introducing significant
bias. Subsequently, no accurate conclusions about the
association between UTI and confusion can be drawn.
One study of acceptable quality shows an association be-
tween confusion and bacteriuria. However, this sample
of patients in whom they tested bacteriuria and pyuria
were patients already suspected of having a UTI, intro-
ducing a bias into their calculation [3]. In summary,
none of the 22 publications had sufficient methodo-
logical quality to enable valid conclusions.
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Frailty

Frail residents are more likely to have bacteriuria [74].
Frailty also predisposes for cognitive decline [75, 76]. Hence,
there might be an indirect link between confusion and bac-
teriuria, easily misinterpreted as UTI causing confusion.
This might explain some of the trends found in the existing
literature.

Confusion linked to acute cystitis or pyelonephritis
Studies including hospitalised patients are likely to also in-
clude patients with pyelonephritis, a condition likely to re-
sult in confusion in a fragile elderly person. However, the
typical nursing home situation usually involves the suspi-
cion of confusion caused by a lower UTI (acute cystitis) in
an afebrile patient.

The primary aim of this review was not to evaluate the
association between pyelonephritis and confusion. The pri-
mary question was if lower UTI with no fever in residents
without a urinary catheter, with or without localised symp-
toms such as acute dysuria, urgency or frequency, is associ-
ated with confusion. This review concludes that current
evidence does not provide a clear answer to this question.

Strengths and limitations of the review

The strengths of this review are mainly due to its methodo-
logical quality; that it utilised a broad search strategy, with
no limits to age or date applied. This allowed for studies
that were representative of an elderly population and with-
out the explicit aim of reporting the relationship between
confusion and UTI to be identified. Another strength of this
review was the registration of a protocol with pre-specified
objectives and methods. The use of a second reviewer inde-
pendently assessing the quality of selected studies also in-
creases the quality of the review. Limitations included
limiting articles to English and being unable to assess the
eligibility of the unobtainable full-texts. This review also did
not attempt to include studies from the unpublished litera-
ture, introducing possible publication bias.

Conclusion

Insufficient evidence is available to accurately determine if
an afebrile lower UTI in elderly patients without an in-
dwelling urinary catheter causes confusion. Although
studies exist that suggest there may be an association, they
are significantly limited by their methodological quality.
This is largely due to the frequent use of unreliable criteria
for UTI and confusion, and frequently poor controlling
for confounding factors. A reasonable attempt to resolve
this issue are the McGeer and Loeb criteria [1, 8, 19].
However, it should be kept in mind that in the case of
confusion these criteria are expert recommendations that
cannot be confirmed due to the lack of an appropriate
gold standard. This review highlights the importance of
conducting well-designed studies and demonstrates that
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further high-quality research exploring the relationship
between lower urinary tract infection and acute confusion
is required. A well-designed, large observational study
with validated criteria for UTT and confusion may provide
further insight into this association. However, the optimal
solution to clarify this issue would be a randomized con-
trolled trial comparing the effect of antibiotics versus pla-
cebo in patients with new onset or worsening confusion
and presence of bacteriuria while lacking specific urinary
tract symptoms.

Abbreviation
UTI: Urinary tract infection
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