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ABSTRACT: The aging of the population is exposing patients 
and physicians to new challenging urological conditions. The 
prevalence of lower urinary tract symptoms (LUTS) increases 
significantly over the age of 65 in both sexes and severely impairs 
patients’ quality of life (QOL). A better understanding of the 
possible causes involved in this process will clarify some forms 
of treatment and stimulate new researches on this matter. The 
purpose of this review is to better describe the pathophysiological 
implications related to the aging bladder, allowing a more accurate 
management of this specific entity.

Keywords: Urinary bladder; Lower urinary tract symptoms;  
Aging.

RESUMO: O envelhecimento populacional expõe as pessoas 
a problemas urológicos desafiadores em natureza e frequência.  
A prevalência de sintomas do trato urinário inferior aumenta 
significativamente após os 65 anos de idade, em ambos os 
sexos, afetando intensamente a qualidade de vida.  Para melhor 
entendimento das possíveis causas dos processos envolvidos 
melhorará o enfoque terapêutico e estimulará pesquisas neste 
campo em crescimento.  O objetivo desta revisão é descrever os 
princípios fisiopatológicos envolvidos no envelhecimento vesical.

Descritores: Bexiga urinária; Sintomas do trato urinário inferior; 
Envelhecimento.

INTRODUCTION 

Urinary problems mean a number of symptoms, 
occurring since childhood to senility.  It include 

all types of incontinence, limitations to the urinary storage 
as urgency, frequency and nocturia, voiding problems as 
intermittency, slow stream and straining, post micturition 
symptoms as incomplete voiding and post micturition 
dribbling, and all combinations of these symptoms1. Lower 
urinary tract symptoms (LUTS) were introduced by Paul 
Abrams to replace the term “prostatism”, which implied that 
the prostate was responsible for most (or all) symptomatic 
voiding complaints in men2. LUTS with its subdivisions, 
filling/storage symptoms and voiding/emptying symptoms, 

have replaced the terminology of “irritative” and 
“obstructive” symptoms, both rather imprecise terms that 
imply an etiology that may be incorrect2. The prevalence 
of both storage and voiding lower urinary tract symptoms 
increases significantly over the age of 65 years in patients 
of both sexes3. Also, it is well recognized that overactive 
bladder (OAB) symptom syndrome and urodynamic 
evidence of bladder overactivity which is seen in a 
proportion of these patients increases in both sexes with 
increasing age as does detrusor underactivity and indeed 
both can co-exist in the same patient4. Furthermore there is 
a clear increasing prevalence of bladder outflow obstruction 
in the aging male population and of other disorders such 
as diabetes, cerebrovascular accidents and neurological 
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disease, all exerting an accumulative influence in the 
bladder with increasing age4. Therefore, a number of causes 
seem to affect the normal bladder/sphincter function in the 
aging process. Although LUTS cause limited risks to life 
expectancy, they severely impair patients’ quality of life, 
leading to depression, sleep deprivation, embarrassment 
and fatigue, causing a huge impact on global healthcare 
resources4. The underlying pathophysiological processes 
are poorly understood, although there is an increasing 
emphasis on the importance of both peripheral afferent 
mechanisms in the lower urinary tract as well as altered 
central transmission and processing of neural information 
from the bladder and lower urinary tract. The purpose of 
this review is to better describe the pathophysiological 
implications related to the aging bladder, allowing a more 
accurate management of this specific entity. 

Bladder wall structural changes

Structural changes in the bladder wall, including 
widespread degeneration of muscle cells and axons5 and 
decrease in the area density of smooth muscle to connective 
tissue ratio5,6, indicate that fibrosis develops in aged human 
bladder. Similarly, in aged rodents fibrosis (increased 
collagen deposition) was reported in various studies, and 
was to some extent alleviated by caloric restriction6. Obesity 
is a known risk factor for LUTS1. Hypercholesterolemic 
diet and obesity also influence adhesion molecules of 
detrusor muscle cells, potentially disturbing the spread of 
electrical signal between cells, compromising contraction7. 
Urinary obstruction also promotes bladder fibrosis6, leading 
to poor compliance and impaired bladder contraction. 
Impaired blood supply causing ischemia and reperfusion 
injury is absolutely accepted now as a neglected cause of 
bladder alterations but not yet fully understood1. Gross 
anatomical observations have shown axonal degeneration 
in human bladders and bladder from rats with induced 
ischemia4. A systematic study in rats with induced bladder 
ischemia (a risk factor in aging) has shown differential 
expression pattern for different subtypes of muscarinic 
receptors depending on the time and age after inducing 
ischemia. Ischemia in young individuals seems to promote 
overactivity and in oldies, underactivity.

Changes in bladder afferent system

The peripheral afferent limb of the micturition 
includes the urothelium and afferent nerves. Although 
the urothelial functions and urothelial-afferent nerve 
interactions play an important role in bladder sensations8, 
little is known about the influence of aging on these 
components. The oxidative stress and altered mitochondrial 
function seems to be the cause of structural studies as 
urothelial thinning, granular appearance of umbrella cell 
layer, discoidal vesicles, electron dense bodies and vacuoles 

in umbrella layer, often containing what appears to be 
cellular debris in all layers4. Changes in the urothelium can 
affect afferent neuronal input. Experiments in mice showed 
increase in the activity of afferent nerves during bladder 
filling with age, possibly consequence to increase of stretch-
induced release of acetylcholine from non-neuronal cells 
from the urothelium. A correlation with humans can explain 
the mechanism for bladder overactivity in the elderly.

It has been shown that in aged mice the activity of 
afferent nerves is augmented during bladder filling (3-4 vs. 
24 months)9. This could be due to increased stretch-induced 
release of acetylcholine (ACh) from non-neuronal cells, 
possibly from the urothelium9,10, and/or increased adenosine 
5′-triphosphate (ATP) and ACh bioavailability in the 
urothelium, as inferred from measurements of transmitter 
levels in the lumen9,10. If these findings are similar in 
humans, they could represent underlying mechanisms for 
bladder overactivity in the elderly.

Finally, there was a reduction in the number of 
small diameter fibers, predominantly unmyelinated 11. 
These changes, if occurring in humans, may account for 
alterations in bladder sensations in the elderly4.

Changes in central micturition pathways

The fact that voiding and continence are under 
forebrain control is now well established by multiple lines 
of evidence1. Some of the brain regions involved are known 
with reasonable certainty, although further investigations 
are need1. A series of diseases affecting the neurological 
system may alter this control as seen in Parkinson disease, 
dementia and other situations. The aging of the population 
even in Brazil, is exposing patients and physicians to new 
conditions that still deserve further studies and a special 
complete report12.

Changes in the efferent system 

The efferent system includes the sympathetic 
and parasympathetic nerves and the smooth muscle. The 
sympathetic system is thought to be tonically active during 
filling phase, releasing Norepinephrine (NE) to relax the 
bladder smooth muscle. The parasympathetic system is 
active during voiding and releases ACh to contract the 
bladder and nitric oxide (NO) to relax the urethra4. 

Histological studies have found a reduction of 
the sympathetic fibers in the aging rat bladder body13. 
Cystometry studies reported variable changes in micturition 
pressure, which is a measure of the efferent parasympathetic 
nerves and smooth muscle contractility14, suggesting 
changes in more than one component of the efferent system.

A decrease (∼40%) in the number of acetylcholinesterase 
(AChE)-positive neurons in the intramural plexus in older 
guinea pigs may impact the strength of the contraction and 
may lead to changes in voiding function that could account 
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for the underactive bladder condition15.
The purinergic component of the efferent 

transmission has been shown to be up regulated in 
conditions like aging. Decreased P2X1 mRNA expression 
in the smooth muscle in human tissue or overexpression of 
P2X3 receptor in the urothelium in male mice suggest the 
need of further detailed studies of the purinergic component 
in the process of aging.  

Changes in the immune system

Very few is known about the influence of immune 
system in the aging bladder, but it is conceivable that with 
age there is a decrease in the ability of the immune system 
to react to insults (e.g., urinary tract infections)4. This raises 
the possibility that voiding dysfunctions may be associated 
with immune and inflammatory related responses in the 
bladder and afferent system4.

CONCLUSION

The aging bladder is still a condition that deserves 
further investigation, though the knowledge we have so far 
allows us to better understand and manage elderly patients 
with lower urinary tract symptoms. It is imperative that we 
dedicate time and resources to elucidate all aspects of this 
entity, as the population gets older worldwide.

REFERENCES

1.	 Abrams P, Cardozo L, Wagg A, Wein A. Incontinence. 6th 
ed. Bristol, UK: ICS; 2017. 

2.	 Mock S, Dmochowski R. Benign prostatic hyperplasia and 
related entities. In: Hanno P, Guzzo T, Malkowicz SB, Wein 
AJ. Penn clinical manual of urology. Philadelphia: Saunders; 
2014. Chap. 15. 

3.	 Birder L, Andersson KE. Urothelial signaling. Physiol Rev. 
2013;93:653-80. doi: 10.1152/physrev.00030.2012.

4.	 Birder LA, Kullmann BAF, Chapple CR. The aging bladder 
insights from animal models. Asian J Urol. 2017;5(3):135-
40. https://doi.org/10.1016/j.ajur.2017.03.004.

5.	 Nomiya M, Yamaguchi O, Andersson KE, Sagawa K, Aikawa 
K, Shishido K. The effect of atherosclerosis-induced chronic 
bladder ischemia on bladder function in the rat - influence 
of a hypercholesterolemic diet on the collagen composition 
of the bladder wall extracellular matrix in rats. Neurourol 

Urodyn. 2012;31:195-200. doi: 10.1002/nau.21073.

6.	 Nunes RL, Bruschini H, Utsunomia K, Silveira MA, 
Teodoro WR, Leite KR, Srougi M. Influence of a 
hypercholesterolemic diet on the collagen composition of the 
bladder wall extracellular matrix in rats. Histol Histopathol. 
2012;27(6):745-52. doi: 10.14670/HH-27.745.

7.	 Pontes-Júnior J, Nunes RL, dos Reis ST, de Oliveira LC, 
Viana N, Leite KR, Bruschini H, Srougi M. Adhesion 
molecules of detrusor muscle cells are influenced by a 
hypercholesterolemic diet or bladder outlet obstruction in a 
Wistar rat model. BMC Urol. 2013;13:50. doi: 10.1186/1471-
2490-13-50.

8.	 Lluel P, Deplanne V, Heudes D, Bruneval P, Palea S. Age-
related changes in urethrovesical coordination in male rats: 
relationship with bladder instability? Am J Physiol Regul 
Integr Comp Physiol. 2003;284:R1287-R1295. doi: 10.1152/
ajpregu.00499.2001.

9.	 Chang SL, Howard PS, Koo HP, Macarak EJ. Role of 
type III collagen in bladder filling. Neurourol Urodyn, 
1998;17:135-45.

10.	 Nakayama H, Noda K, Hotta H, Ohsawa H, Hosoya Y. 
Effects of aging on numbers, sizes and conduction velocities 
of myelinated and unmyelinated fibers of the pelvic nerve 
in rats. J Auton Nerv Syst. 1998;69:148-55. https://doi.
org/10.1016/S0165-1838(98)00013-7.

11.	 Frazier EP, Schneider T, Michel MC. Effects of gender, age 
and hypertension on beta-adrenergic receptor function in 
rat urinary bladder.. Naunyn Schmiedeb Arch Pharmacol. 
2006;373:300-9. doi: 10.1007/s00210-006-0077-y.

12.	 Wyndaele JJ, Bruschini H, Madersbacher H, Moore K, 
Pontari M, Wein A. Neurological patients need evidence-
based urological care. Neurourol Urodyn. 2010;29(4):662-9. 
doi: 10.1002/nau.20866.

13.	 Nishimoto T, Latifpour J, Wheeler MA, Yoshida M, Weiss RM. 
Age-dependent alterations in beta-adrenergic responsiveness 
of rat detrusor smooth muscle. J Urol. 1995;153:1701-5. 
https://doi.org/10.1016/S0022-5347(01)67508-6.

14.	 Gomez-Pinilla PJ, Pozo MJ, Camello PJ. Aging impairs 
neurogenic contraction in guinea pig urinary bladder: role 
of oxidative stress and melatonin. Am J Physiol Regul 
Integr Comp Physiol. 2007;293(2):R793-803. doi: 10.1152/
ajpregu.00034.2007.

15.	 Kohan AD, Danziger M, Vaughan Jr. ED, Felsen D. Effect 
of aging on bladder function and the response to outlet 
obstruction in female rats. Urol Res. 2000;28:33-7.

Submetido em:
Aceito em:


