International Journal of Current Science Research and Review

ISSN: 2581-8341 ( |L\.!JJ

Volume 08 Issue 02 February 2025 i LICSRR I
DOI: 10.47191/ijcsrr/V8-i2-15, Impact Factor: 8.048
IJCSRR @ 2025 WWW.ijcsrr.org

Urinary Tract Infections as a Trigger for Dementia Progression

Samudrala Laharit", Y. Sneha?, Chitti Sathwika®, Meghavath Tharun® T. Rama Rao®
Assistant Professor, Department of Pharm D, CMR College of Pharmacy, Hyderabad, India
Orcid id: 0009-0005-2783-9396
Student, Department of Pharm D, CMR College of Pharmacy, Hyderabad, India
Orcid id: 0009-0004-6664-7090
Student, Department of Pharm D, CMR College of Pharmacy, Hyderabad, India
Orcid id: 0009-0006-8769-0615
Student, Department of Pharm D, CMR College of Pharmacy, Hyderabad, India
Orcid id: 0009-0005-4724-7523
Principal, CMR College of Pharmacy, Medchal, Hyderabad
Email id: tadikondarao7@gmail.com
Orcid id: 0000-0003-1746-2167

ABSTRACT: Urinary tract infections (UTIs) are one of the infections that occur most frequently among the elderly and are now
increasingly recognized as a significant factor in the causation of cognitive decline, particularly among those who had previously
experienced dementia. This broad review focuses on epidemiological evidence, underlying pathophysiological mechanisms, and
clinical consequences for examining the complex interrelationship between UTIs and dementia. Frequent UTIs have been shown
to worsen the symptoms of dementia and accelerate cognitive deterioration due to the induction of systemic inflammation, neuro-
inflammation, and disturbances of the blood-brain barrier. Delayed treatment due to diagnostic difficulties in the elderly further
exacerbates cognitive effects. Preventive measures associated with alleviation of UTI-related cognitive burden include early
detection, efficient management of UTI, and techniques reducing inflammation. It thus emphasizes on integrating
multidisciplinary approaches as an improvement pathway towards better results in this highly vulnerable population.
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l. INTRODUCTION

Dementia is a syndrome which can be caused due to various diseases which gradually damages the brain by destroying nerve
cells, resulting in decline in cognitive function, which goes beyond predicted consequences of biological aging. Dementia ranks as
the seventh most common cause of death worldwide and is a primary asset of disability in the geriatrics.! Acute delirium due to
urinary tract infections is most frequently observed in the older and individuals with dementia, associated with sudden behavioural
changes such as increase in agitation or withdrawal. Due to the inability of the elderly to express discomfort, recognizing UTI
symptoms and seeking prompt medical intervention is crucial. Furthermore, any infection has the potential to accelerate dementia
progression; therefore detection and management of infections are essential to mitigate their impact on cognitive decline.?
Numerous clinical and observational studies have established a significant connection between urinary tract infections (UTIs) and
cognitive decline, especially among elderly populations. UTIs are known to worsen symptoms of dementia, provoke episodes of
delirium, and may even hasten cognitive deterioration. These adverse effects are often associated with systemic inflammation,
neuroinflammation, and alterations of the blood-brain barrier integrity that affect the neuronal integrity and functioning.®
However, while this association is supported by evidence, the precise mechanisms of how UTIs cause dementia to progress, and
indeed the long-term impact of such progressive actions, have not been well defined. Understanding these pathways is important
for future research and the development of better approaches in managing UTIs among the cognitively impaired to lessen their toll
on dementia progression.

This review aims to systematically investigate the connection between urinary tract infections and the progression of dementia.
Our specific aims are to integrate findings from epidemiological studies, clinical investigations, and mechanistic studies
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concerned with the manner in which urinary tract infections may modify cognitive decline in individuals with dementia. Existing
gaps in the literature are also identified, and avenues for future research on the diagnosis, prevention, and management of urinary
tract infections among the at-risk populations will be suggested. Addressing these gaps is critical for the development of targeted
interventions that could mitigate the impact of urinary tract infections on cognitive health and improve overall outcomes in those
living with dementia.*

1. EPIDEMIOLOGY

Delirium is an acute neuropsychiatric syndrome that is common and serious among older adults, characterized by acute and
fluctuating changes in cognition and attention. Delirium is highly prevalent across many healthcare settings, including 8%-17% of
all older adults admitted to hospitals and 40% of nursing home residents evaluated in emergency departments.

Infections are an important precipitating factor for delirium, of which urinary tract infections are part. According to a systematic
review, infection is seen as a trigger of delirium in a proportion of approximately 49.5% of cases, and of these, UTI and lung
infections were most implicated.®

UTI-induced delirium is likely to be found among older adults, particularly the ones vulnerable due to existing conditions, like
dementia and diabetes and those with reduced capacity of the immune system. While delirium can occur in young individuals
experiencing severe infections, it is much more common in geriatric populations due to the influence age has on brain and
immune responses. With aging, the response of the brain to infection and other stressors is impaired, and the immune system
declines in effectiveness, predisposing the older adult to complications such as delirium.

Urinary tract infections (UTIs) account for one of the most common infections globally, affecting predominantly women, the
elderly, and those with indwelling urinary catheters. The prevalence of UTIs among the residents in LTCFs can range up to 30%,
while other studies found that 20-30% of elderly inpatients admitted to hospitals for UTI will be complicated by secondary
delirium. This fact illustrates the very large impact of UTIs on vulnerable populations' cognitive and functional status and leads to
poor outcomes.®

Women are more susceptible to UTIs for anatomical reasons, like having a shorter urethra. Older men, especially those suffering
from benign prostatic hyperplasia or neurogenic bladder dysfunction, are at higher risk of developing complicated UTIs, which
would further increase the risk of delirium. UTI-induced delirium is one of the leading causes of prolonged hospitalizations,
elevated healthcare costs, and ultimately development of long-term effects in this category of patients. It causes an increase in
healthcare cost and has an augmentation of unfavourable outcomes post-discharge.’

In Community-dwelling elderly, reduced incidence means that there still exists an interest especially in those with prior health
conditions or those where any level of cognition declines. For older adults with dementia, UTIs are a common and often
overlooked trigger for acute episodes of confusion, agitation, and functional decline. These episodes can make caregiving even
more challenging, requiring intensive medical attention and, often, hospitalization.

The effects of UTI-induced delirium extend beyond the immediate cognitive disturbance. Delirium associated with UTI has been
shown to raise mortality in older adults, and studies have noted a threefold increase in mortality among patients who do develop
delirium. The contribution of factors such as systemic inflammation, oxidative stress, and the more global impacts on the
cardiovascular and neurological systems, combined with a more stressed state in older adults, underlie higher risk.®

As the global population ages, with a steady rise in life expectancy there will inevitably be greater numbers of individuals with
delayed onset of disability due to chronic conditions. Hence, infection and attendant complications from delirium are likely to gain
paramount importance as a public health concern. The most critical step towards mitigating the burden of UTI among such high-
risk populations as the elderly would be to engage them in public health measures to prevent this infection. Early detection and
appropriate prompt treatment significantly reduce the chances of developing delirium, leading to improved outcomes in the short
and long terms.®

The epidemiological studies now advocate for early recognition and effective management of UTI-induced delirium. It brings to
light the potential involvement of the condition in hospital admissions and the considerable impact on the post-acute care needs
for older adults. Nevertheless, the gaps still persist on those aspects that deal with the prevalence and impact in non-hospitalized
subjects and the more long-term effects on quality of life and cognitive functions.
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Understanding the epidemiology of UTI-induced delirium is important for the improvement of clinical care and outcomes.
Identifying at-risk populations and implementing targeted prevention and intervention strategies will help healthcare systems to
better allocate resources and provide necessary care to reduce the incidence and impact of this debilitating condition.°

A. Prevalence
The prevalence of UTI-induced delirium is notably high in specific patient populations, especially older adults and those with
underlying medical conditions. UTIs are one of the most common infections in this group, and delirium is a frequently reported
complication. Studies indicate that a UTI is the cause of approximately 20-30% of delirium cases in older adults. This is especially
true for patients with dementia or cognitive impairment, where UTIs can exacerbate existing cognitive dysfunction leading to
acute confusion or disorientation.
Prevalence is greater in long-term care settings. Studies have shown that up to 40% of elderly nursing home residents may have
delirium accompanying an episode of UTI. In addition, the overall prevalence of UTIs among elderly people in these settings is
also high, with studies reporting up to 30% of residents having at least one UTI each year. The delirium associated with these
infections is especially troublesome because it is associated with prolonged hospital stay and greater costs of healthcare and
poorer outcomes in the long term.
Delirium from UTIs in community-dwelling older adults is less prevalent but still poses a significant risk. In this population, the
delirium might not necessarily be identified during presentation because of overlaps with presentations of other disorders, such as
dementia or depression. However, once identified, UTI-induced delirium severely impacts quality of life and, by itself, typically
results in hospitalization.*?
In terms of gender, women have a higher incidence of UTI due to the anatomical conditions. According to studies, it has been
suggested that the delirium secondary to UTI is more commonly seen in the elderly females compared to males. However, there
are also certain conditions such as benign prostatic hyperplasia or neurogenic bladder dysfunction for which the men are at risk of
developing the UTI with subsequent development of delirium.®

1. RISK FACTORS

Several risk factors increase the chances of developing delirium in the context of a UTI, especially in vulnerable populations.'4
These include:

A. Age

Age is a major risk factor for both UTIs and delirium. Elderly patients are more susceptible to infections because the immune
system, urinary tract, and other body systems undergo natural changes with age. Moreover, in older adults, the blood-brain barrier
loses its integrity and becomes more permeable, which makes the brain more susceptible to inflammatory cytokines that might
cause delirium.

B. Cognitive Impairment
Patients with pre-existing cognitive disorders, such as dementia or mild cognitive impairment, are at a higher risk for delirium if
they have a UTI. In these individuals, the inflammation response resulting from the infection can exacerbate cognitive dysfunction
and result in acute delirium. Studies have reported that, in patients with Alzheimer's disease or other forms of dementia; UTI-
related delirium is more common, with some patients experiencing delirium as the first manifestation of an infection.®®

C. Comorbid Conditions
Chronic conditions such as diabetes, heart disease, and chronic kidney disease occur in older adults and increase the risk for UTls.
Because of such comorbidities, the immune response of the body is weakened, further compromising the ability of the body's
defense against infections and thus increasing the risk for delirium. For example, poorly controlled diabetes could make the
immune system less efficient at fighting off infections, while chronic kidney disease may cause decreased efficiency of bodily
systems to clear infections.

D. Medications
Certain medications may alter the risk of delirium in patients with UTIs. Anticholinergic drugs, which are commonly prescribed
for conditions like incontinence, Parkinson’s disease, and depression, can worsen delirium by disrupting neurotransmitter balance
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in the brain. Additionally, sedatives, opioids, and benzodiazepines can contribute to confusion and cognitive impairment,
especially when combined with the effects of a UTI.

E. Immune Dysfunction
Immune system depression caused by natural age-related alterations, cancer, HIV, and other immunosuppressive treatment
enhances the chances of infections as well as delirium. Many older persons, especially experience depressed immunity which
could be sometimes called "immunosenescence”, therefore failing to present appropriate body defense mechanism against certain
infections such as UTIs thereby providing a chance for developing delirium.

F. Functional Impairment
Functional impairments, including an inability to perform basic mobility and self-care functions, are frequent among older adults
and predispose individuals to higher rates of infection, including UTIs. Additionally, these impairments can render caregivers less
capable of recognizing subtle changes in an individual's mental status that may be the earliest signs of infections or delirium.

G. Urinary Tract Abnormalities
Anatomical alterations or conditions that affect the urinary tract, like benign prostatic hyperplasia in men and pelvic organ
prolapse in women, can predispose patients to recurrent UTIs. These conditions together with a UTI would further increase the
risk of delirium because of additional stress added to the body's fight against an infection.

H. Increased Severity of UTI
Severity of the urinary tract infections may be a risk factor for delirium. With the progression of infections to the kidney or
systemic infections (sepsis), the risk of delirium would be higher. At this point, the infection itself may give rise to state of
physiology disturbance manifesting itself with fever, dehydration, and hypotension culminating in delirium.*’

Table I: Outcomes of UTI-Induced Delirium

Outcome Percentage of Patients
Prolonged Hospitalization 50%
Long-Term Cognitive Decline 20%
Mortality 15%

V. PATHOLOGICAL MECHANISMS AND CLINICAL EVIDENCE

Urinary tract infections (UTIs) are one of the most documented causes of delirium, especially in older adults. The term "UTI-
induced delirium" characterizes the complex relationship between infections, inflammation, and the essential predisposing factors,
including age, comorbid conditions, and baseline cognitive impairment.

In the elderly and other susceptible populations, UTIs induce a cascade of systemic inflammatory responses that lead to delirium.
This leads to the production of pro-inflammatory cytokines such as TNF-o and IL-6. Then during systemic inflammation or old
age, the BBB becomes more permeable to allow for their passage. After this, these cytokines induce neuroinflammation and start
interfering with homeostasis and neuronal signalling.*®

Neurotransmitter imbalances induced by inflammation include increased activity of dopamine, associated with agitation and
hallucinations, and lower acetylcholine levels that lead to issues of concentration. In parallel, systemic infections induce the
production of ROS and oxidative stress, causing neuronal damage and further impairing cognition. Brain function is impaired also
by the action of infection in cerebral hypoperfusion and micro vascular injury.*®

Predisposing factors are weakened immunological response, integrity compromise of the blood-brain barrier, and previous
cognitive impairment, which increases vulnerability in older individuals. These predisposing factors contribute to the symptoms
that comprise altered consciousness inattention and severe confusional states that characterize delirium.?°

Age-related factors: Decreased blood-brain barrier stability and immune dysfunction in elderly individuals lower the delirium
thresholds.?*
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V. CLINICAL MANIFESTATIONS

When delirium is caused by infection, it may trigger a combination of urinary and cognitive symptoms that may vary in
immediacy and intensity. The common urinary symptoms commonly reported as symptoms of the infection are burning or pain
during urination, frequent urges to go, or being unable to wait for urine, the presence of cloudy or smelly or even reddish blood in
the urine. However, among the elderly and those with associated medical conditions, the mental or behavioural changes might be
more significant than the apparent physical symptoms.?

Delirium itself can also have an abrupt onset, but confusion and disorientation are the most common symptoms. An individual
may not be able to concentrate easily, appear to lack memories, or have mood swings. Some individuals become agitated, restless,
or drowsy and lethargic. Emotional changes may also feature, such as irritability, anxiety, or apathy, complicating efforts to
determine what may be causing the symptoms.?3

In more severe cases, someone might have hallucinations (seeing or hearing things that aren’t there) or experience a disrupted
sleep schedule, like being awake all night and drowsy all day. Fever, chills, or just feeling generally unwell can accompany these
symptoms, but in older adults or those with weaker immune systems, a UTI might not cause a fever at all.?*

These symptoms may be unnoticed, but with time they can deteriorate rapidly, causing imminent importance of their prompt
recognition and treatment. Treating the infection and the effects on the brain at the same time can help in long-term prevention of
complications and ultimately reduce the effects on the recovery.?®

Table I1: Comparison of Typical and Atypical UTI Symptoms?

Symptom Typical Presentation Atypical in Elderly

Dysuria Frequent Often absent

Fever Common Low-grade or absent

Mental Changes Rare Prominent (delirium)
VI. DIAGNOSTIC CHALLENGES

A. Clinical Correlation
Symptoms of delirium + positive urinalysis (pyuria, bacteriuria) = Confirm UTI-induced delirium.

B. Urinalysis Indicators
Positive nitrites and leukocyte esterase

C. Medical History and Physical Exam
A good history provides a clear way of identifying factor risk: elderly, a past history of UTIs, any problem like dementia.
While physical exams may focus on areas of confusion, disorientation, and dysuria or urinary changes.?’

D. Urinalysis and Culture
Generally, urine samples come first. It is tested for any characteristics of infection from pyuria, bacteriuria, and any other
bivalence. The urine culture can identify the culture and type of bacteria growing and suggest treatment. 3

E. Blood Tests
Blood work includes checking for a white cell count and C-reactive protein (CRP) to detect systemic inflammation or
infection that could be contributing to the delirium.

F. Neurological Assessment
Delirium is assessed using tools like the Confusion Assessment Method (CAM), Delirium Rating Scale (DRS), which
evaluates rapid-onset confusion, attention problems, and altered consciousness. This helps distinguish between delirium
and dementia or psychosis.?

G. Imaging Tests
Imaging tests like a CT scan or MRI would be allowed in the patient if any other conditions causing delirium are
suspected, like a stroke, brain tumor, or trauma. They are not considered routine.

H. Electrolyte and Kidney Function Tests
Dehydration and electrolyte imbalances, common with UTIs worsen delirium, so these levels are often checked.

I.  Special Considerations for Older Adults
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Older people may often present just with delirium when they have a UTI. As a result, these patients may not show
some of the other classic symptoms, leading clinicians to focus more directly on changes in cognition and behavior than on typical
UTI symptoms.®

VII. TREATMENT AND MANAGEMENT

The management of delirium in urinary tract infection patients encompasses diverse strategies aimed toward resolution of
infection, counteraction of the Systematic inflammation process, and care to palliate the respective cognitive and physical
symptoms. Recognizing and treating the disease promptly are essential as this will ward-off any other complications in the
afflicted and, in this way, full recovery becomes possible, particularly in those anguishing groups like the elderly population.3!
Targeted antibiotic therapy is the first line of treatment for this condition. Broad-spectrum empiric antibiotics are initiated based
on clinical presentation and regional antimicrobial resistance patterns, awaiting urine culture and sensitivity results. Therapy is
refined to ensure effectiveness and minimize the risk of resistance once the pathogen is identified. Addressing systemic
inflammation is another important consideration; although the use of anti-inflammatory agents remains limited in this context,
reducing the inflammatory cascade may benefit some patients, especially those with significant systemic involvement. 323
Correction of comorbidities and physiological imbalances is essential to stabilize the patient. Dehydration and electrolyte
disturbances are common in UTI-induced delirium and contribute to worsening cognitive dysfunction. These should be corrected
as soon as possible. Intravenous or oral fluids are given to rehydrate the patient, and electrolyte imbalances such as hyponatremia
or hyperkalaemia are monitored and treated. In patients with diabetes or other chronic diseases, optimization of glycaemic control
and management of underlying diseases are necessary to prevent further complications.®*

It helps much with cognitive and behavioural features of the state in supportive treatment measures. Such factors as reducing the
confusion level or agitation help manage the setting - calm, ordered. In non-pharmacological interventions for management,
certain measures are provided such as having clocks, calendars, or familiar things.® This could prevent confusion by time and
space sense. Additionally, safety also should be secured - often monitoring can replace physical restraint to avoid any negative
effects, exacerbating delirium further. Avoiding medications that worsen delirium (e.g., benzodiazepines, anticholinergic).%
Cautious use of pharmacological interventions is made to control symptoms. Severe agitation or hallucination requires low doses
of antipsychotics like haloperidol or atypical agents with careful monitoring since the side effects may be devastating. Sedatives,
especially benzodiazepines, are usually avoided, but sometimes given if there is alcohol withdrawal causing delirium, because
sedatives would only worsen confusion.®’

Post-recovery strategies are equally important to reduce the risk of recurrence. Preventive measures, including adequate hydration,
proper hygiene, and timely treatment of future UTIs, are emphasized. Regular follow-up visits are crucial for monitoring cognitive
recovery and managing predisposing conditions such as dementia or diabetes. For high-risk patients, prophylactic interventions
such as cranberry supplements or low-dose antibiotics may be considered, although their efficacy varies across studies.®

Newer insights into the delirium reveal the need for a multispecies approach. Early detection through biomarkers, advanced
imaging methods, and standardized aids to assess delirium-signifying confusion assessment method (CAM)-has improved its
diagnostic accuracy. However, we still lack research on therapeutics that specifically guide the targeting of anti-inflammatory or
neuroprotective solutions within the pathophysiology of delirium.*

Specific attention is being given to the management of delirium, stemming from a urinary tract infection based on interventions
directed against either the infection or the systemic and neurological squeal. So, inputs will be required towards integrated
management to help achieve better outcomes and vice versa.

VIIl.  PREVENTIVE MEASURES
The strategies listed below could assist in preventing UTlIs in older adults or individuals with dementia:
e Learning about adequate fluid intake
e Gaining awareness of potential signs and symptoms of bladder problems.
e Urinating regularly, every 2 to 3 hours.
e Limiting the consumption of caffeinated beverages such as coffee, sodas, and certain teas, as they can lead to dehydration
and may worsen urinary incontinence.
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Managing underlying health conditions, such as diabetes, that may elevate the risk of UTI.
Considering oestrogen therapy for post-menopausal women with recurrent UTIs.
Taking certain supplements, such as cranberry or probiotics*

IX. RESEARCH GAPS

1. Longitudinal Evidence: A significant gap exists in understanding the long-term effects of recurrent UTIs on dementia
progression. Most current studies are cross-sectional and do not articulate causation or any temporal relationship between
UTlIs and cognitive decline.

2. Mechanistic Pathways: The exact biological mechanisms linking UTIs to cognitive impairment remain unclear. More studies
need to determine the function of systemic inflammation, neuroinflammation, and dysfunction of the blood-brain barrier that
might mediate this relationship.

3. Development of Biomarkers: There are no standard biomarkers for cognitive decline that would allow timely diagnosis of
UTlIs. In that context, the identification of such biomarkers for early diagnosis would allow appropriate interventions to be
undertaken at an earlier stage in the process of cognitive decline.

4. Therapeutic Interventions: Conventional antibiotic therapy still stands as a first-line management for UTlIs, though their
overuse raises concerns of possible resistance and adverse effects. Investigating alternative treatments, such as anti-
inflammatory agents, probiotics, or immunomodulators, is crucial for improving patient outcomes.

5. Gut-Urinary-Brain Axis: Limited research has been conducted on the interplay between the gut microbiota, urinary tract
health, and cognitive function. Understanding this axis may reveal novel prevention and treatment strategies.

6. Diagnostic Challenges: Older adults with dementia often present atypical UTI symptoms, complicating initial diagnosis. The
field now needs the development of diagnostic tools specifically designed and validated for this population.

7. Caregiver and Socioeconomic Impacts: The burden of dealing with recurrent UTIs and their impact on caregivers and
healthcare systems are remains largely unexplored. Addressing these aspects can help with policies and resource allocation to
support affected families.

8. Population-Specific Studies: Most research focuses on generalized elderly populations, with less consideration for specific
populations such as those with varying dementia subtypes or varying levels of cognitive impairment. Specific tailored studies
are necessary to refine clinical approaches.

X. FUTURE DIRECTIONS

Several important areas warrant further investigation for a better understanding and management of the relationship between UTIs
and dementia. Long-term studies are required mainly to establish causal relationships in the domain of recurrent UTIs in dementia
as well as evaluate their long-term cognitive effects. Investigating the role of systemic inflammation and its downstream effects on
neurodegeneration may reveal critical pathways for intervention. The development and validation of biomarkers for the early
detection of UTI-induced cognitive decline would be highly relevant to timely and targeted interventions. Investigating innovative
treatment modalities like immunomodulators, probiotics, and anti-inflammatory drugs may prove otherwise based approaches that
could mitigate urinary tract infections' cognitive impact. Further investigations regarding the gut-urinary-brain axis and its effects
on cognitive function may possibly lead to the development of novel preventative and therapeutic strategies. Lastly, collaboration
between geriatricians, neurologists, infectious disease specialists, and caregivers is required in order to come up with a holistic
model of care for managing UTIs both physically and cognitively. Addressing such gaps will lay the ground for more effective
strategies to improve the outcomes of such an at-risk population.

XI. CONCLUSION

This review clarifies the importance of urinary tract infections related, both to worsening cognitive summaries in older patients
and promoting dementia onset. A critical review on the current state of affairs indicates that urinary tract infections enter the
systemic circulation causing neuro-inflammation, disrupt the blood-brain barrier, and worsen cognitive impairment already
present. To overcome these disorders, a thorough plan is essential which encompasses speedy and accurate diagnosis, appropriate
and efficient treatment with prevention efforts specifically focusing on the older age group. Further research can also be directed
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to molecular UTI-dementia crosslinks, from where new therapy targets can emerge, thus altering the clinical practices also.
Focusing on these key aspects will significantly reduce the unfavourable effects of UTIs on cognition and enhance this vulnerable
individual's quality of life.
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