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Diabetes global effect

Diabetic Bladder 
Dysfunction 

1. Prevalence 

2. Presenting symptoms

3. UDS

Clinical Practice and Care

11
4年

度
TA
OG

年
會
專
用



Diabetes– Global Impact

Diabetes is a huge
and growing problem,
and the costs to society
are high and escalating.

1 in 10
Adults (20-79 years) 
has diabetes 
537 million people

11.5%
Of global health expenditure spent 
on diabetes (USD 966 billion)

1 in 2
Adults is undiagnosed
240 million people

3 in 4
People with diabetes live in 
low and middle-income countries

Federation, I.D., IDF Diabetes atlas, 10th ed. 2021, International Diabetes Federation: Brussels, Belgium
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簡報者
簡報註解
2021 年全球主要發現IDF糖尿病地圖集第 10 版報告顯示，全球糖尿病盛行率持續上升，證實糖尿病已成為個人、家庭和社會健康與福祉面臨的重大全球挑戰。2021 年全球糖尿病狀況：5.37 億成年人（20-79 歲）患有糖尿病，佔十分之一。超過四分之三的糖尿病成年人生活在中低收入國家。2021 年，糖尿病導致670 萬人死亡，即每 5 秒就有 1 人死亡。糖尿病造成了至少9,660 億美元的醫療支出——在過去 15 年裡成長了 316%。



6 | IDF Diabetes Atlas 2021– 10th edition www.idf.org @IntDiabetesFed

Number of people with diabetes
Aged 20–79 years globally and by IDF region

29
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簡報者
簡報註解
1 in 8 adults have diabetes – 206 million.The Western Pacific Region accounts for over a third (38%) of the total number of adults living with diabetes.China accounts for 1 in 4 of all adults living with diabetes in the world.Over half (53%) of adults living with diabetes are undiagnosed.Diabetes is responsible for 2.3 million deaths in 2021 – the highest number of all IDF Regions.

http://www.idf.org/


7 | IDF Diabetes Atlas 2021– 10th edition www.idf.org @IntDiabetesFed

Estimates and projections
Global number of adults (20–79 years) in millions
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簡報者
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預估全球糖尿病患者數將於 2045 年達 7.8 億人

http://www.idf.org/


臺灣每年新發生糖尿病人數16 萬人
大多數為Type II DM

8

Type II DMType I DM

第 1 型糖尿病以女性居多
第 2 型糖尿病以男性為多11
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簡報者
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臺灣糖尿病年鑑 2019



Diabetes 
Complications

• Diabetes is a leading cause of CV 
disease, blindness, kidney failure, 
and lower-limb amputation. 

• Maintaining blood glucose levels, 
blood pressure and cholesterol 
close to normal can help delay or 
prevent diabetes complications.

• People with diabetes need regular 
monitoring for complications.

Federation, I.D., IDF Diabetes atlas, 6th edn. 2013, International Diabetes Federation: Brussels, Belgium

How about bladder ?
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Diabetes Neuropathy

(1)
Sensorimotor 
Neuropathy 

pain          
sensory loss 
paresthesia

(2)
Autonomic 

Neuropathy 

cardiovascular 
gastrointestinal
genitourinary
involvement

10

• Common complication of diabetes, affecting 30-50% of patients
• Major risk factors: Hyperglycemia, age, smoking, hypertension, obesity, 

alcohol
• Two main types:

Deli G, Bosnyak E, Neuroendocrinology. 2013
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簡報者
簡報註解
糖尿病神經病變（Diabetic Neuropathy, DN）是糖尿病最常見且昂貴的併發症之一：新診斷糖尿病患者中約有 8% 發生神經病變病程較長的糖尿病患者中，神經病變的發生率超過 50%主要分為兩大類：感覺運動神經病變（Sensorimotor Neuropathy）：以疼痛、異常感覺（如針刺感）、感覺喪失為特徵自主神經病變（Autonomic Neuropathy）：可能導致心血管、胃腸道、泌尿生殖系統的功能障礙糖尿病性神經病變可能導致心肌梗塞、惡性心律不整、猝死、胃輕癱、勃起功能障礙、神經性膀胱等嚴重併發症。



Diabetes Neuropathy - Pathophysiology

11Deli G, Bosnyak E, Neuroendocrinology. 2013

氧化壓力（Oxidative Stress）
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簡報者
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微血管病變 – 神經組織供養不足 – 促進活性氧產生在糖尿病中，由於血管異常導致微血管病變，從而引發氧化壓力，這種壓力通過增加活性氧、引起脂質及蛋白質的損傷，加上細胞抗氧化防禦不足，最終導致神經細胞能量供應失敗，從而引發神經病變。使用抗氧化劑治療能在一定程度上改善這些損傷，這也是目前治療研究的一個方向。 



Diabetes Neuropathy - Pathophysiology

12Deli G, Bosnyak E, Neuroendocrinology. 2013

• 鈉離子電流異常（Persistent Sodium Currents）
• Na+通道表現過度增加（over-expression），導致神經容易異常放電。
• Na+/K+ Pump活性下降，Na+累積，使神經細胞更興奮，產生異常的疼
痛訊號。

• 鉀離子通道的變化（Potassium Channels）
• 鉀離子通道（Voltage-Gated Potassium Channels）有助於神經細胞恢
復靜息狀態，防止過度放電。

• 在糖尿病神經病變中，這些通道發生變化，增加神經的興奮

離子通道的變化
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簡報者
簡報註解
1. 糖尿病神經病變為何會導致持續性疼痛？糖尿病患者的疼痛可能是 無外部刺激下的自發性疼痛 或 突發性的劇痛（shooting pain）。這種現象來自於 疼痛傳導通路（nociceptive pathways） 內部的 異位性（ectopic）神經衝動，也就是神經不該發電時卻發出了錯誤的訊號，讓大腦誤以為有疼痛刺激。鈉離子電流異常（Persistent Sodium Currents）正常情況：神經細胞的鈉離子通道（Voltage-Gated Sodium Channels, VGSCs）負責控制神經訊號傳遞，當刺激達到閾值時才會產生動作電位（Action Potential）。糖尿病神經病變：鈉離子通道表現過度增加（over-expression），導致神經更容易產生異常放電。鈉/鉀幫浦（Na+/K+ Pump）活性下降，鈉離子累積，使神經細胞更興奮，產生異常的疼痛訊號。這些變化導致 神經纖維即使沒有真正的刺激，也會產生疼痛感。鉀離子通道的變化（Potassium Channels）鉀離子通道（Voltage-Gated Potassium Channels, VGPCs）通常有助於神經細胞恢復靜息狀態，防止過度放電。在糖尿病神經病變中，這些通道可能發生變化，進一步增加神經的過度興奮性，讓疼痛持續存在。



Diabetes Neuropathy

(1)
Sensorimotor Neuropathy 

Pain          

Sensory loss 

Paresthesia

(2)
Autonomic Neuropathy

Cardiovascular 

Gastrointestinal 

Genitourinary

13Deli G, Bosnyak E, Neuroendocrinology. 2013

11
4年

度
TA
OG

年
會
專
用



Diabetic Bladder Dysfunction    
(DBD)

14
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diabetic cystopathy” or “DBD’



Diabetic Bladder Dysfunction (DBD)
• first described by WR Jordan et al. in 1935

Jordan wr, crabtree hh. Paralysis of the bladder in diabetic patients. Arch intern med (chic). 
1935;55(1):17–2511
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簡報者
簡報註解
觀察到多例糖尿病患者出現膀胱麻痺現象。在排除其他已知原因（如老年性變化、機械性阻塞、梅毒、脊髓損傷等）後其中四名為女性，三名為男性。糖尿病病程從不到一年（病例5,494）到長達11.8年（病例9,025），平均6.1年。病例4,023（女性，60歲）：糖尿病3年，膀胱殘尿量2,580cc，需定期導尿，尿液滯留嚴重但無明顯神經學異常，8年後仍存活但持續需要導尿。病例6,360（女性，55歲）：糖尿病7年，膀胱殘尿900cc，無其他神經學異常，後續因糖尿病併發壞疽截肢，但仍存活超過6年。病例8,404（女性，42歲）：糖尿病4.8年，膀胱殘尿360-900cc，出現血尿，最終因肺炎去世。病例9,025（女性，50歲）：糖尿病11.8年，尿液滯留合併尿毒症，經尿道擴張手術後仍有殘尿90-300cc，存活4年。結論糖尿病性膀胱麻痺可能與糖尿病神經病變有關。除糖尿病外，動脈硬化可能亦為影響因素。目前的治療方法僅能緩解症狀，並無有效的恢復手段。需進一步研究糖尿病與膀胱功能障礙的確切關聯及最佳治療策略。



Diabetic Bladder Dysfunction (DBD)
Key Characteristics
• DBD occurs due to involvement of autonomic and sensory nerve fibers. 
• The proposed natural history begins with impaired bladder sensation, ultimately 

progressing to impaired contractility and urinary retention.
• This can happen asymptomatically, becoming the dysfunction evident when a UTI 

occurs secondary to the increase in residual urine volume.

Quiroz-Aldave J, Durand-Vásquez M, Gamarra-Osorio E, et al. Diabetic 
neuropathy: Past, present, and future. Caspian J Intern Med. 2023 11
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Diabetic Bladder Dysfunction (DBD)
Key Characteristics- Traditional Triad

decreased 
bladder 

sensation

increased  
compliance 
& capacity

impaired 
detrusor 

contractility

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019
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The proposed natural history begins with impaired bladder sensation, ultimately progressing to impaired contractility and urinary retention.Traditionally, DBD has been characterized as“a triad of decreased bladder sensation, increased bladder compliance and capacity, and impaired detrusor contractility”



Diabetic Bladder Dysfunction (DBD)
Key Characteristics

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019
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OAB symptoms were the most bothersome (specically urgency incontinence and nocturia) ; as a result, OAB symptoms are often what drives a diabetic patient to seek medical attention.



Diabetic Bladder Dysfunction (DBD)
Prevalence of LUTS in Diabetes:
• Type I: 43% - 87% , Type II : 25%
• Commons symptoms: 

Kaplan SA, Te AE, Blaivas JG. J Urol. 1995
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簡報者
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對對 182 例患者的VUDS進行了回顧性分析Storage symptoms 為主



Diabetic Bladder Dysfunction (DBD)
OAB risk  

Palleschi G. World J Urol 2013.
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簡報者
簡報註解
雖然膀胱過動症（Overactive Bladder, OAB）並不是糖尿病膀胱功能障礙（DBD）**的典型症狀，但最近的研究發現，OAB 在 DBD 患者中其實相當常見。一項研究顯示，糖尿病患者出現 OAB 的機率比年齡匹配的健康對照組高出約 7.5 倍。



Diabetic Bladder Dysfunction (DBD)
Urinary Incontinence 

Wang R,  Female Pelvic Med  Reconstr Surg. 2015.
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簡報者
簡報註解
diabetic vs nondiabetic women are more than twice as likely to beincontinent.



Diabetic Bladder Dysfunction (DBD)
OAB and UI 

• OAB symptoms can be severe and impact patients’ QOL greatly.

• OAB symptoms and UI were the most bothersome symptoms of DBD.

• OAB symptoms are often what drives a diabetic patient to seek medical attention.

Xu D, Health Qual Life Outcomes.2018
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Diabetic Bladder Dysfunction (DBD)
Voiding symptoms

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019
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Main Hypotheses Driving DBD
1. Urothelial Dysfunction
2. Smooth Muscle Dysfunction
3. Neuropathy

24

11
4年

度
TA
OG

年
會
專
用

簡報者
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感應功能失調，影響膀胱收縮或放鬆。



Urodynamic Findings

DBD presents diverse urodynamic findings due to its broad spectrum of symptoms 
and contributing comorbidities (e.g., age, obesity, BPH).

Progressive nature:
1. Initial storage changes due to impaired bladder sensation.
2. Development of voiding dysfunction from chronic detrusor overdistention.
3. Eventual decompensation, leading to reduced bladder contractility.

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019
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Urodynamic Findings

26

• Delayed first sensation of filling
• low detrusor pressure at end-filling
• Detrusor areflexia
• Increased PVR and detrusor decompensation
• Urethral dysfunction and loss of detrusor-sphincter 

coordination
• Increased bladder outlet resistance or obstruction
• Urinary incontinence 

Key UDS Findings

11
4年

度
TA
OG

年
會
專
用



Urodynamic Findings

27

652 female patients 
152 (23.3%) had diabetes, 
average diagnosis of 82mo

diabetic showing higher rates of DO (p = 0.01), 
particularly associated with increasing BMI (p = 
0.03).

Neurourol Urodyn. 2024
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Who Should Undergo UDS in Diabetic Patients?

• Bladder dysfunction
AUA recommends PVR + UDS for individualized treatment
• Peripheral neuropathy
High prevalence of bladder dysfunction; UDS aids in early detection.
• Asymptomatic
Survey underlying DBD; early UDS may guide management.
• Diabetic nephropathy
Proteinuria is linked to high PVR; urinalysis can help identify at-risk patients.

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019

UDS is crucial for early diagnosis, treatment planning, and complication 
prevention. 11
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Risk Factors for LUTS in Diabetes

Longer disease duration (>10 years) Hgb A1c >7.5%.

Powell, C., Gehring, V. Curr Bladder Dysfunct Rep 2023
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簡報者
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 Hgb A1c >7.5% was associated with impaired sensation as well as impaired desire to void, underscoring the role of severity of DM.Duration of DM > 10 years was similarly associated with the impaired desire to void, elevated post void residual, lower detrusor pressures, and maximum urodynamic capacity.



Differences Between DM1 and DM2

DM1 and Incontinence:
•The EDIC study revealed a 1.41 increase in odds ratio for incontinence for every 
1% increase in HbA1c (95% CI 1.07–1.89).
•Associated with impaired sensation and contractility.

DM2 and Incontinence:
•Higher prevalence of incontinence
•Nurse’s Health Study (NHS) showed a 20% increased prevalence of urinary 
incontinence in women with DM2 (OR 1.2, 95% CI 1–1.3).
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•Studies like the Nurse’s Health Study (NHS) and NHS II showed a 20% increased prevalence of urinary incontinence in women with DM2 (OR 1.2, 95% CI 1–1.3).•Definition of Incontinence: At least one leakage episode in a 1-week period. 2. Key Studies Supporting the Association• Nurse’s Health Study:• Large cohort: 71,650 nurses aged 37–79 over 24 years.• DM2 increased urinary incontinence risk by 50–200%.• Longer DM2 duration and microvascular disease elevated risk further.The Epidemiology of Diabetes Interventions and Complications (EDIC)（is another longitudinal prospective observational trial designed to provide insight into thecomplications of diabetes, specifically DM1.）• Longitudinal follow-up of women with DM1 (10–17 years).• Established a link between poor glycemic control (higher HbA1c) and incontinence risk.



DM1 and Incontinence

31

• Epidemiology of Diabetes Interventions 
and Complications (EDIC) is a longitudinal 
prospective observational trial 

• All subjects were women with DM1 who 
completed a urology-specific 
questionnaire after 10 years of 
involvement and after 17 years.

• 41% increased odds of incident weekly UI 
associated with per % increase in HbA1c 
level in women with DM1.

Lifford KL. J Am Geriatr Soc. 2005
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簡報者
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 Diabetes Control and Complications Trial (DCCT) is the first and largest prospective, interventional population-based study on the complications of diabetes, while the Epidemiology of Diabetes Interventions and Complications (EDIC) project is an observational follow-up study of these patients specifically examining urologic complications of diabetes, noting urinary incontinence was related to worsening Hgb A1c.(EDIC) is a longitudinal prospective observational trial designed to provide insight into the complications of diabetes, specifically DM1. 第 1 型糖尿病女性，HbA1c 水平每增加 1 mmol/mol 和 1%，每週 UI 發生的幾率分別增加 3% 和 41%。這種關聯與年齡、DCCT隊列分配、DCCT治療組、BMI、胰島素劑量、產次、子宮切除術、異常心血管自主神經病變和去年的泌尿道感染無關。讓女性知道透過改善血糖控制可以降低 UI 風險，這可能會激勵一些女性改善自我照護。鑑於已發現傳統的 UI 治療方法對患有糖尿病的女性效果較差，這一點可能尤其重要 EDIC) 是另一項縱向前瞻性觀察試驗，旨在深入了解糖尿病併發症，特別是 DM1。該計畫研究了糖尿病控制和併發症試驗 (DCCT, 1983–1993) 中的受試者，並對他們進行了後續縱向前瞻性觀察研究 (EDIC, 1994 年至今)。所有受試者均為 1 型糖尿病的女性，她們在參與 10 年後（2003 年）和 17 年後（2010 年）完成了泌尿科專用問卷。研究人員注意到，在研究期間，糖化血紅素每增加 1%，比值比就會增加 1.41（95% CI 1.07-1.89）



DM2 and Incontinence

32

Risk of Weekly Urinary Incontinence by Type 2 Diabetic Status

Lifford KL. J Am Geriatr Soc. 2005

患有糖尿病的女性尿失禁的風險
顯著高於未患糖尿病的女性20%

• Nurse’s Health Study:
• longitudinal prospective 
observational studies 
• 71,650 nurses , ages 37–79 , 
from 1976 to 2000.
• completed a mailed 
questionnaire.
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失尿的頻率和數量：“在過去 12 個月裡，您漏尿或失控尿的頻率是多少？”答案類別包括從不、每月少於一次、每月一次、每月兩到三次、大約每週一次或幾乎每天。報告漏尿的女性也被問到：“當你漏尿時，通常漏尿多少？”回應類別為幾滴，足以弄濕您的內衣，足以弄濕您的外衣，或足以弄濕地板。§ 每週至少漏出足以弄濕內衣的 尿液量。∥ ∥ 每週至少漏出足以弄濕外衣或地板的尿液量。患有糖尿病的女性普遍性尿失禁（多變量RR=1.28，95% CI=1.18–1.39）和意外尿失禁（多變量RR=1.21，95% CI=1.02–1.43）的風險顯著高於未患糖尿病的女性。使用經過驗證的嚴重程度指數，患有糖尿病的女性發生嚴重尿失禁的風險甚至比沒有糖尿病的女性更大（多變量RR=1.40，95% CI=1.15-1.71，漏尿足以弄濕內衣；RR =1.97，95%） CI=1.24–3.12（洩漏足以弄濕外套）。此外，尿失禁的風險隨著 DM 的持續時間而增加（



DM2 and Incontinence
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Relative Risk of Developing UI by Duration of DM

尿失禁的風險隨著 DM 的持續時間而增加

Lifford KL. J Am Geriatr Soc. 2005
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失尿的頻率和數量：“在過去 12 個月裡，您漏尿或失控尿的頻率是多少？”答案類別包括從不、每月少於一次、每月一次、每月兩到三次、大約每週一次或幾乎每天。報告漏尿的女性也被問到：“當你漏尿時，通常漏尿多少？”回應類別為幾滴，足以弄濕您的內衣，足以弄濕您的外衣，或足以弄濕地板。§ 每週至少漏出足以弄濕內衣的 尿液量。∥ ∥ 每週至少漏出足以弄濕外衣或地板的尿液量。患有糖尿病的女性普遍性尿失禁（多變量RR=1.28，95% CI=1.18–1.39）和意外尿失禁（多變量RR=1.21，95% CI=1.02–1.43）的風險顯著高於未患糖尿病的女性。使用經過驗證的嚴重程度指數，患有糖尿病的女性發生嚴重尿失禁的風險甚至比沒有糖尿病的女性更大（多變量RR=1.40，95% CI=1.15-1.71，漏尿足以弄濕內衣；RR =1.97，95%） CI=1.24–3.12（洩漏足以弄濕外套）。此外，尿失禁的風險隨著 DM 的持續時間而增加（



DM2 and Incontinence

34

Absolute Effect of DM on Incident Urinary Incontinence

透過預防糖尿病
可以避免 17% 的任何程度的失禁

50% 的嚴重失禁

Lifford KL. J Am Geriatr Soc. 2005
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對於 60 歲以下的女性，如果消除糖尿病，每 10 萬名女性中就有 1,239 例失禁病例可以預防。在 70 歲及以上的女性中，DM 的影響更大，每 100,000 名女性中有 2,085 例失禁病例可能歸因於 DM 的影響。總體而言，在這群女性中，透過預防糖尿病，可以避免 17% 的任何程度的失禁和近 50% 的嚴重失禁。總之，有證據顯示患有糖尿病的女性患尿失禁的風險明顯更高。在這一人群中，17% 的失禁和高達 50% 的嚴重失禁可能歸因於 DM。這些發現有幾個重要的意義。由於許多研究表明，女性通常不會向醫生提及她們的失禁問題，因此對糖尿病患者的醫學評估可能包括失禁篩檢，以及診斷和治療方案的討論。也許更重要的是，糖尿病在很大程度上是可以預防的，39,40並且研究表明，減肥可能會減少糖尿病，39以及尿失禁。41特別是，鑑於隨著糖尿病病程的延長，失禁的風險也隨之增加，即使延遲糖尿病的發病也可以大大減輕老年女性因失禁而造成的醫療、情緒和經濟負擔。



Clinical Evaluation for DBD

• Digital Rectal Examination (in males):
• Evaluates prostate size and sphincter tone

• Gynecological Examination (in females):
• Assesses for pelvic organ prolapse (POP), which can contribute 

to voiding dysfunction.

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019
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Signs of autonomic neuropathy, particularly sacral cord involvement, should prompt further investigation.�



Clinical Evaluation for DBD

Differential diagnosis:
• BPH or prostate cancer 
• UTIs 
• Pelvic muscle weakness
• neurological conditions

• spinal cord injury
• cerebrovascular events 

Wittig L, et al. Diabetic bladder dysfunction: a review. Urology. 2019
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Management Goals for DBD

37
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Lifestyle & Behavioral Therapy
1.Optimize Glycemic Control

• Keep HbA1c levels <7.5% to slow down LUTS progression

2.Lifestyle Modifications

• 5-10% weight loss reduces incontinence episodes by 60%

• Manage fluid intake

3. Bladder Training & Crede's maneuver 

4. Pelvic Floor Exercises

5. Monitor Symptoms with Voiding Diaries

38
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Behavioral maneuvers (scheduling voiding at frequent, regular intervals; double voiding technique; suprapubic pressure/massage; Crede's maneuver) 



Pharmacological Therapy

For OAB:

•Anticholinergics 

•β3 Agonist 

39
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(Solifenacin, Oxybutynin)



Pharmacological Therapy

For Voiding Dysfunction & Retention:

• No highly effective pharmacological agents exist for detrusor underactivity.

• Parasympathomimetic drugs (bethanechol):

• Historically used to stimulate muscarinic receptors

• Limited efficacy in improving bladder contractility

• severe side effects: flushing, salivation, GI distress, cardiac arrest

• Rarely recommended due to poor risk-benefit profile

40
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(Solifenacin, Oxybutynin)



Surgical Treatment 

For OAB Symptoms:

•Botulinum Toxin Injections

• PTNS (Percutaneous Tibial Nerve Stimulation):

Over 90% success rate in non-diabetic OAB, but limited data in diabetic patients

•Sacral Neuromodulation (SNM)

For SUI:  Midurethral Sling 

For Severe Voiding Dysfunction (High PVR):

•Clean Intermittent Catheterization (CIC) → managing underactive bladder

41
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Take Home Message

1. Global Impact of Diabetes:

• Diabetes is a growing problem with high societal costs.

• 1 in 10 adults has diabetes.

2. Diabetic Bladder Dysfunction (DBD):

• Involves autonomic and sensory nerve fibers.

• Key characteristics: decreased bladder sensation, increased compliance and 
capacity, impaired detrusor contractility.

42
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 •Smooth Muscle Dysfunction: Progression from early hypercontractility to late hypocontractility.   •Urothelial Dysfunction: Altered sensory function, impaired infection defense, and receptor changes.   •Neuropathy: Impaired nerve conduction, Schwann cell damage, and reduced bladder sensation.



Take Home Message

3. Lifestyle and Behavioral Therapy:

• Optimize glycemic control, weight loss, fluid intake management, bladder training, 
and pelvic floor exercises.

4. Pharmacological Therapy:

• For OAB: Anticholinergics and β3 agonists.

• For voiding dysfunction : Parasympathomimetic drugs had limited benefits.

43
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Take Home Message

5. Surgical Treatment:

• Botulinum toxin injections

• PTNS, sacral neuromodulation

• midurethral sling

• clean intermittent catheterization

6. Key Takeaways:

• DBD affects a significant percentage of diabetic patients.

• Early intervention and personalized treatment are essential for optimal 
management

44
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