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Abstract

Introduction: Diabetes mellitus is an increasing health challenge with accompanying uro-
logical complications. Over 50% of men and women with diabetes have bladder dysfunction.
According to the current understanding of bladder dysfunction, it refers to a progressive con-
dition encompassing a broad spectrum of lower urinary tract symptoms including urinary
urgency, frequency, nocturia, and incontinence. Urinary bladder dysfunction has been clas-
sically described as diminished bladder sensation, poor contractility, and increased post-void
residual urine, termed bladder cystopathy. Ultrasonography of the urinary bladder, which is
a cheap, safe, radiation free, non-invasive and reliable imaging modality, may help to identify
diabetes mellitus patients prone to develop urinary bladder dysfunction. Method: The study
population comprised 80 diabetic subjects recruited from the diabetic outpatient clinic and
another 80 age- and sex-matched asymptomatic control subjects. Ultrasound scan of their
urinary bladder wall was performed using a curvilinear transducer to determine the thick-
ness and other sonographic features. Results: Out of the 80 diabetic subjects, 30 (37.5%) were
males, while 50 (62.5%) were females; of 80 non-diabetic control subjects, 40 (50%) were males
and 40 (50%) were females. The mean age of the diabetic subjects was 59.5 = 10.4 years with
a range of 40-82 years, while that of the controls was 60.2 + 7.4 years with a range of 40-85
years. There was no statistically significant difference (p = 0.637) between the mean age of
the diabetic and control subjects. The mean urinary bladder wall thickness in the diabetics
was greater than in the non-diabetics in the study subjects. There was a statistically significant
difference between the urinary bladder thickness of diabetic subjects and the control group
(p <0.001). The mean urinary bladder wall thickness of the male and female subjects included
in this study was 2.84 = 1.31 mm and 2.9 *+ 1.37 mm, respectively, with no statistically signifi-
cant difference between them (p = 0.159). It was statistically significant between diabetic men
and women (p = 0.027). Using Spearman’s rank correlation to test the relationship between
the glycaemic haemoglobin level of diabetic subjects and urinary bladder wall thickness,
it was revealed that there was no correlation between these variables (Spearman’s rho = 0.119,
p = 0.309). The relationship between the urinary bladder volume of diabetic subjects and their
mean urinary bladder wall thickness showed no correlation either (Spearman’s rho = -0.009,
p = 0.937). Only gender was a statistically significant predictor of urinary bladder wall thick-
ness among other variables. Conclusion: Mean bladder wall thickness in patients with type 2
diabetes mellitus was greater than in the control subjects, and also greater in diabetic men
compared to diabetic women, but the difference did not attain statistical significance. Urinary
bladder wall thickness of the diabetics did not correlate with their glycaemic haemoglobin
levels. Only gender was found to be a predictor of bladder wall thickness.
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Introduction

Diabetes mellitus is an endocrine disease that affects many
people across the world. Diabetes mellitus, also called diabe-
tes, is a long-standing condition that occurs when there are
elevated levels of sugar in the blood circulation because the
pancreas cannot produce any or enough of the hormone insu-
lin or use insulin effectively”. Insulin is an essential hormone
produced in the pancreas, and it aids in the uptake of glucose
in the bloodstream into the body cells where glucose is con-
verted into energy. The inability of the body cells to respond to
insulin or lack of insulin leads to elevated levels of blood glu-
cose, or hyperglycaemia, which is a special mark of diabetes.

Hyperglycaemia, if left unchecked over the long term, can
cause damage to various body organs, leading to the devel-
opment of disabling and life-threatening complications
such as cardiovascular disease, neuropathy, nephropathy
and eye disease, leading to retinopathy and blindness.
However, if an appropriate treatment of diabetes is initi-
ated, these serious complications can be delayed or averted.

The classification and diagnosis of diabetes are complex
and have been the subject of much consultation, debate and
revision stretching over many decades, but it is now widely
accepted that there are three main types of diabetes: type 1
diabetes, type 2 diabetes and gestational diabetes (GDM).

Some less common types of diabetes also exist which
include monogenic diabetes and secondary diabetes.
Monogenic diabetes is caused by a single genetic alteration
in an autosomal dominant gene rather than the contribu-
tions of many genes and environmental factors as seen in
type 1 and type 2 diabetes. Examples of monogenic diabe-
tes include conditions like maturity-onset diabetes of the
young (MODY) and neonatal diabetes mellitus. Around
1-5% of all diabetes cases are due to monogenic diabe-
tes®”. Secondary diabetes arises as a complication of other
diseases such as hormone disturbances (e.g. Cushing’s dis-
ease or acromegaly), pancreatic diseases (for example, pan-
creatitis) or due to medications (e.g. corticosteroids).

The incidence of diabetes is increasing at a fast rate, with
an expected global incidence of not less than 640 million
people by 2040. Four hundred and twenty five million
people worldwide, or 8.8% of adults aged 20-79 years, are
estimated to have diabetes, and about 79% of these live in
low- and middle-income countries.

If the age range is expanded to 18-99 years, the number
of people with diabetes increases to 451 million. Given the
current trend, it is estimated that by 2045, 693 million peo-
ple aged between 18 and 99 years, or 629 million of people
aged between 20 and 79 years, will have diabetes.

The vast majority of persons with diabetes have type 2 dia-
betes, which occurs when insulin resistance is present in
fat and muscle cells, hepatic glucose output is enhanced,
and insulin secretion fails to compensate®. Genetic stud-
ies have identified more than 150 so-called risk alleles for
type 2 diabetes-variations in genes that increase a person’s

susceptibility to diabetes®. Diabetes and urologic diseases
are very common health problems that markedly grow in
prevalence and incidence with increasing age®'". Diabetes
is seen with an earlier onset and increased severity of uro-
logic diseases, resulting in costly and debilitating urinary
system complications. Urologic complications, including
bladder dysfunction, sexual and erectile dysfunction, as
well as urinary tract infections (UTIs), have a great effect
on the quality of life of men and women with diabetes?.
Over half of men and women with diabetes develop urinary
bladder dysfunction"*'¥, According to the current under-
standing of bladder dysfunction, it refers to a progressive
condition encompassing a broad spectrum of lower uri-
nary tract symptoms including urinary urgency, frequency,
nocturia, and incontinence. Previously, the dysfunction has
been classically described as diminished bladder sensation,
poor contractility, and increased post-void residual urine,
termed bladder cystopathy!'>. However, bladder cystopathy
most likely represents end-stage bladder failure with symp-
toms of infrequent micturition, difficulty initiating voiding,
and post-void fullness, and it is relatively uncommon?.

A number of clinical studies in people with diabetes have
reported bladder instability or hypersensitivity as the most
common findings, ranging from 39-61% of subjects!!*!¢.
Diminished bladder contractility or sensation has been
found less often'?, and a non-contractile bladder appears
to be quite uncommon.

Evidence suggests an increased prevalence of urgency with
or without urge urinary incontinence among women with
type 2 diabetes"” and an increasing trend with longer dura-
tion of diabetes!'®. Overactive bladder (OAB), a highly prev-
alent and disturbing disease, is also based on the symptoms
of urgency, with or without urge urinary incontinence, usu-
ally with frequency and nocturia®. Although urodynamic
studies are widely used in patients with symptoms of OAB,
only 54% show detrusor overactivity on conventional uro-
dynamics®”. Similarly, 55% of diabetic patients with OAB
and 25% of asymptomatic patients with diabetes show
detrusor overactivity during urodynamic studies!*2".

Bladder wall thickness has been shown to be significantly
increased in women with detrusor overactivity®?. This vari-
able has also been applied in the assessment of voiding
dysfunction, bladder outlet obstruction, and as a screening
tool in the assessment of upper urinary tract deterioration
in children with myelodysplasia®@*?%. This is why urinary
bladder dysfunction is to be assessed in type 2 diabetes
mellitus by measuring the urinary bladder wall thickness
using sonography in this study. Bladder wall hypertrophy is
caused by the thickening of the detrusor®. It was hypoth-
esised that detrusor wall thickness (DWT) or bladder wall
thickness (BWT) reflects the workload of the bladder simi-
lar to the heart, whereby the cardiac wall thickens due to
arterial hypertension or cardiac valve stenosis®®. In animal
studies, diabetes has been shown to result in hypertrophy
of the bladder wall with an increase in smooth muscle and
urothelium thickness®”. Diabetes mellitus patients with
OAB may also have an increased risk for bladder wall
thickness, which may have a prognostic potential.
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Ultrasound is a fast, readily available, and inexpensive
modality, and it does not produce a claustrophobic effect
like MRI. Ultrasonography is effective in evaluating the
urinary bladder wall thickness and it does not utilise ion-
izing radiation like cystography and abdominal computed
tomography which can also be used to evaluate the urinary
bladder. However, cystography cannot adequately assess the
urinary bladder wall thickness, while CT is quite expensive.

The aim of this study is to evaluate the urinary bladder
wall thickness in type 2 diabetes mellitus patients with or
without overactive bladder syndrome. The findings will
be correlated with the relevant clinical and laboratory
parameters.

Material and method

This was a case-control cross-sectional study carried out at
the Departments of Radiology of our institution.

Subject selection

The study was carried out in adult subjects with type 2
diabetes mellitus. They were recruited from the Diabetes
Outpatient Clinic at our institution. The subjects included
newly diagnosed diabetics and those on follow-up attend-
ing the clinic. The control group consisted of individuals
with fasting blood glucose levels less than 6.1 mmol/l and
with no known history of diabetes mellitus.

Written informed consent was obtained from both subjects
and controls.

Inclusion and exclusion criteria

Inclusion criteria for cases

The subject group included individuals attending the
Diabetes Outpatient Clinic of OAUTHC in Ile-Ife that are
above 40 years of age, diagnosed with Type 2 diabetes mel-
litus by an endocrinologist based on the WHO 1997 criteria
which include any of the following®®:

* Fasting plasma glucose of 126 mg/dl (7.0 mmol/L) or
higher on two separate tests.

* Symptoms of diabetes plus a random blood glucose of
200 mg/dl (11.1 mmol/L) or higher.

* Two-hour plasma glucose >200 mg/dl (11.1 mmol/L) dur-
ing an oral glucose tolerance test.

* Glycated haemoglobin (HbA ) of >48 mmol/L (>6.5
DCCT Diabetes Control and Complications Trial %).

Exclusion criteria for cases

* History of urologic disease, for example urethral stric-
ture, meatal narrowing, and posterior urethral valve.

e History of spinal cord operation or previous pelvic opera-
tion that might have injured the presacral nerve plexus,
such as surgical correction of imperforate anus.

* Neurologic disease such as transverse myelitis, meningo-
myelocele, Parkinson’s disease, multiple sclerosis, spinal
cord injury or stroke.

* Urinary tract infection.

e Patients on medication that could affect bladder function,
such as diuretics or calcium channel blockers.

e Patients who currently use or previously used antimus-
carinics were also excluded to avoid a likely effect on
bladder wall thickness.

* Women with evidence of significant pelvic lesion/mass or
genital prolapse.

* Pregnancy.

e Patients with signs of bladder outlet obstruction; or with
residual volume over 20 ml.

e Patients with obvious neurogenic disorders, stone dis-
ease, genitourinary malignancies and/or a history of
lower urinary tract injury or surgery were excluded from
the study.

e Persons who did not give their consent for whatever
reason.

Inclusion criteria for the controls

e Healthy volunteers comprising hospital staff, patient
relatives and individuals presenting to the Radiology
Department for other investigations (e.g. routine medi-
cal check-up).

¢ Fasting blood glucose in the range of 4.0-5.6 mmol/L.

* No known history of DM.

Exclusion criteria for the controls

* Subjects who did not meet the inclusion criteria for the
control group.

* Subjects with any exclusion criterion for cases.

e Persons who did not give their consent for whatever
reason.

Equipment and materials

e Versana Essential real-time ultrasound machine: man-
ufactured by GENERAL ELECTRICS® GE Medical
Systems (China) Co. Ltd with Serial No. 6023098WXO0,
equipped with a 3.5-3.8 MHz curvilinear transducer.

Clinical assessment
A written consent was obtained from all study participants.

The following general information were collected and
recorded: age, gender and date of diagnosis of diabetes (or
duration of diabetes). Clinical history was obtained from
DM subjects to know the duration of their illness (or age
at diagnosis).

eld
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Fig. 1. Sonographic image of the urinary bladder-longitudinal view sho-
wing the urinary bladder wall thickness in a female, with the ute-
rus shown posterior to the urine distended urinary bladder

Sonographic assessment technique

The patients were asked to drink an adequate volume of
water until they felt a strong desire to void.

The bladder was moderately distended to stretch the wall
and better visualise the mucosal surface and bladder
lumen. Images were obtained in the transverse and longi-
tudinal planes (Fig. 1)@,

The bladder wall thickness (BWT) was measured from the
interface of the anechoic urine and bladder mucosa to the
outer part of the muscle layer. It was measured perpendicu-
lar to the luminal surface of the bladder in the anterior blad-
der wall. Estimated urinary bladder volume was obtained®?.
Post-void residual (PVR) urine was measured after toilet
voiding. Wipes were used to clean off the gel from the exam-
ined areas upon completion of the examination.

Statistical analysis

Various parameters of the examination were recorded in the
patient data sheet and entered into the computer spreadsheet
using Statistical Package for Social Science (SPSS Inc.,
Chicago, IL, USA) software, version 20.0 (2016) for Windows.

Quantitative data for descriptive analysis were described in
mean, median, standard deviation (SD), and minimum and
maximum values, while categorical variables were sum-
marised in simple and relative frequencies.

Independent t-test was applied to compare the means of
the urinary bladder wall thickness of diabetic subjects with
the control group.

The relationship between glycated haemoglobin levels
and urinary bladder wall thickness was determined using
Spearman’s correlation coefficient. Spearman’s rank cor-
relation was also used to test the relationship between

other continuous variables. Possible correlations between
the urinary bladder wall thickness and gender, age, BMI,
HBA, , FBG, and duration of diabetes mellitus were evalu-
ated using multiple regression analysis.

The statistical level of confidence was set at <0.05, and the
results were presented in tables and charts.

Results

Characteristics of study population

A total of 160 study subjects were recruited, comprising 80
adult subjects with diabetes mellitus aged 40 years and above;
in order to ensure the exclusion of type 1 DM; and an equal
number of age- and sex-matched apparently healthy controls.

Out of the 80 diabetic subjects, 30 (37.5%) were males,
while 50 (62.5%) were females; of the 80 non-diabetic con-
trols, 40 (50%) were males and 40 (50%) were females.
There was no statistically significant difference in the num-
bers of males and females between the diabetic subjects
and the control group (p = 0.111).

The mean age of the diabetic subjects was 59.5 + 10.4 years
(Tab. 1) with a range of 40-82 years, while that of the con-
trols was 60.2 = 7.4 years with a range of 40-85 years (p =
0.637). The majority of the diabetic subjects (41.25%) were
aged between 60 years and 69 years, 21.25% were aged

Tab. 1. Demographic characteristics of study subjects

Variables D’I'a::gc Nor:tilgl;etlc Statistics | Df | p value
Age (years)
Mean +SD* | 59.5+10.4 60.2+7.4 0.473 158 | 0.6368
(Range) (40-82) (42-85)
Male
(mean + SD)* 61.6+84 60.1+8.2 0.7606 | 68 | 0.4495
m EF ;':’;”;D)* 582+114 | 602+65 | 10034 | 88 | 03184
n (%)
<50 15 (18.75) 7 (8.75) 0.473 158 | 0.6368
50-59 17 (21.25) 28 (35.0)
60-69 33(41.25) 37 (46.25)
>70 15(18.75) 8(10.0)
Gender, n (%)**
Male 30(37.5) 40 (50.0) 2.5397 1 0.111
Female 50 (62.5) 40 (50.0)
BMI
(Mean +SD)* | 2706+6.08 | 27.77+439 | 0.8313 | 158 | 0.4071
Range (17.58-39.84) | (18.69-37.37)
Underweight 5(6.25) 0(0.0) 1.282 2 0.108
Normal 25(31.25) 21 (26.25)
Overweight 25(31.25) 37 (46.25)
Obese 25(31.25) 22 (27.5)
* Independent sample t-test was used to compare the means,
** chi square
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Tab. 2. Clinical parameters in type 2 diabetes mellitus patients

Variables Diabetic Non-diabetic
n=80 n=80
FBG in mmol/L*
(Mean + SD) 76%3.5 442+04
(Range) (3.3-21.3) (2.4-4.5)
n (%)
Good control
(FBG <7.0) 47 (58.75)
Poor control
(FBG >7.0) 33(41.25)
HBA__in %* 7.0+2.71
(Range) (4.0-15.0)
n (%)
Good control
(HBA._<6.5) 44(56.41)
Poor control
(HBA _>6.5) 34(43.59)
* Independent sample t-test was used to compare the means
# chi square test was used to compare the proportions
SD - standard deviation; BMI - body mass index; FBG - fasting blood
glucose; HbA, - glycated haemoglobin

Tab. 3. Comparison of urinary bladder wall thickness among diabe-
tic and non-diabetic patients

Urinary bladder wall thickness | Study participant Pvalue
in mm n (%) Mean * SD (range)
. . 3.18£1.50
Diabetics 80 (50.0) (1.68-4.68) <0.001
. . 2.18+0.41
Non-diabetics 80 (50.0) (1.77-2.59)
* Independent t-test was used to compare the means
SD - standard deviation

between 50 and 59 years, 18.75% were aged between 40
and 50 years, and 18.75% were aged 70 years and older.
The majority of the control subjects (48.75%) were also
aged between 60 and 69 years, similarly to the diabetic
subjects, 35.0% were aged between 50 and 59 years, 7.50%
were aged 60-69 years, while 8.75% were aged 70 years
or more.

The mean height of the diabetic subjects was 1.63 = 0.1 m,
while that of controls was 1.58 = 0.08 m. The range of
height of the diabetic subjects was between 1.3 m and
1.9 m, while that of the control subjects was between 1.4 m
and 1.8 m.

The mean weight of the diabetic subjects was 71.9 +
14.5 kg and that of the controls was 69.1 = 10.4 kg with
a range of 40.5-108 kg for the diabetic subjects and
50-108 kg for the control subjects. There is, however,
no statistical significant difference in the BMI between
the diabetic and non-diabetic subjects of this study (p =
0.4071) (Tab. 1). The mean BMI of both the diabetic and
non-diabetic study groups were 27.06 = 6.08 kg/m? and
27.77 = 4.39 kg/m?, respectively. The highest number of
patients were overweight both in the diabetic and non-
diabetic groups. Only three out of the 80 diabetic subjects
had urinary symptoms.

Blood glucose measurements of participants

Mean fasting blood glucose was 7.6 = 3.5 mmol/L and 4.42 =+
0.4 mmol/L in the diabetic and control groups, respectively,
with a range of 3.3-21.3 mmol/L and 2.4-4.5 mmol/L, respec-
tively (Tab. 2). Forty-seven (58.75%) of them had good fasting
blood glucose control (FBG <7.0 mmol/L) while 41.25% (33)
had poor FBG (FBG >7.0 mmol/L). The mean fasting blood
glucose in the control subjects was 4.42 = 0.4 mmol/L.

The mean glycated haemoglobin level (HbA, ) among the
people with diabetes was 7.0 = 2.7% (Tab. 2) with a range of
4-15%. 56.41% (44) of these subjects had good control (HBA,
<6.5%), while 43.59% (34) had poor control (HBA, >6.5%).
Three patients among the diabetics presented with urinary
symptoms ranging from urgency, incomplete bladder empty-
ing, frequency, nocturia, to difficulty initiating voiding. All of
them were females with poor glycaemic control (9-11%).

Urinary bladder wall thickness ultrasound
measurements

Comparison between the urinary bladder wall
thickness in diabetics and non-diabetics

There was a statistically significant difference in the urinary
bladder wall thickness between the diabetic subjects and
the control group (p <0.001). The ranges of urinary bladder
wall thickness in the diabetics and non-diabetics were 1.68—
4.68 mm and 1.77-2.59 mm, respectively, with a mean of
3.18 = 1.50 mm and 2.18 = 0.41 mm, respectively (Tab. 3).

Comparison of gender with the urinary bladder
wall thickness

The ranges of urinary bladder wall thickness among the men
and women included in this study were 1.52-4.15 mm and
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Fig. 2. Box plot showing urinary bladder wall thickness in male and
female patients
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Tab. 4. Comparison of the urinary bladder wall thickness among all
the study participants

Urinary bladder wall thickness | Study participant Pvalue
inmm n (%) Mean + SD (range)
2.84+1.31
Male 70 (43.75) (1.52-4.15) 0.159
29+137
Female 90 (56.25) (1.46-3.67)
t* Independent t-test was used to compare the means
SD - standard deviation

Tab. 5. Comparison of urinary bladder wall thickness among diabe-
tic men and women

Urinary bladder wall thickness | Study participant
in mm n (%) Mean + SD (range) pvalue
Male 30(37.5) 3.66 + 1.61 0.027
Female 50 (62.5) 29+1.37

t* Independent t-test was used to compare the means
SD - standard deviation

Tab. 6. Relationship of diabetes mellitus duration with urinary
bladder wall thickness

Urinary b!adder wall thickness T2DM P value
inmm n (%) Mean + SD (range)

<6 year duration 43 (53.75) 1.16 £0.37 0.231

>6 year duration 37 (46.25) 1.22 +0.42

* Independent t-test was used to compare the means
SD - standard deviation

Tab. 7. Association between urinary bladder wall thickness, glyca-
emic control, urinary bladder volume and duration of diabe-
tes mellitus in type 2 diabetes mellitus patients

Variables N rho* P value
BWT 78 0.119 0.309
HBA, 78
BWT 80 -0.009 0.937
UBV 80
BWT 80 -0.163 0.148
DDM 80
* Spearman’s rank correlation was used to check the relationship
BWT - bladder wall thickness; HBA, - glycated haemoglobin; UBV -
urinary bladder volume; DDM - duration of diabetes mellitus

Tab. 8. Predictors of urinary bladder wall thickness

Variables N Statistic p value
Age 80 0.44 0.665
Sex 80 -2.33 0.023
BMI 80 -0.62 0.537
DDM 80 -0.92 0.362

HBA 80 0.90 0.369
FBG 80 1.04 0.300

* Multiple regression analysis was used to determine the predictor of UBW
BMI - body mass index; UBW - urinary bladder wall thickness; DDM —
duration of diabetes mellitus; HBA, - glycated haemoglobin; FBG -

fasting blood glucose

1.46-3.67 mm, respectively. The mean urinary bladder wall
thickness of all male and female participants of the study
were 2.84 = 1.31 mm and 2.90 = 1.37 mm, respectively.
There was no statistically significant difference in the uri-
nary bladder wall thickness (p = 0.159) between the males
and females who participated in this study (Tab. 4) (Fig. 2).
However, the ranges of the urinary bladder wall thickness in
the diabetic male and female subjects were 3.66 = 1.61 mm
and 2.9 = 1.37 mm, respectively. There was a statistically
significant difference in the urinary bladder wall thickness
between the diabetic men and women (p = 0.027) (Tab. 5).

The association between urinary bladder wall
thickness and glycaemic control in type 2
diabetes mellitus patients

Using Spearman’s rank correlation to test the relationship
between the glycaemic control of diabetic subjects and the
mean urinary bladder wall thickness, there was no cor-
relation between these variables (Spearman’s rho = 0.119,
p = 0.309).

Relationship of diabetes mellitus duration with
urinary bladder wall thickness

The mean duration of diabetes mellitus in the diabetic subjects
was 7.15 = 5.62 years with a range of 0.3-34 years, while the
median was 6 years. The skewed distribution of the duration
of DM led to the use of the median of 6 years in the grouping
of DM patients to those with a duration of diabetes mellitus
below 6 years and those above 6 years. Comparing the mean
urinary bladder thickness of diabetic patients whose dura-
tion of diabetes mellitus was below 6 years with those above
6 years showed that there was no statistically significant dif-
ference between them (p = 0.231) as shown in Tab. 6. The
urinary bladder thickness and duration of diabetes mellitus
in diabetics were not normally distributed, hence Spearman'’s
rank correlation was used to test the relationship between
these continuous variables. This yielded a Spearman’s rho of
-0.163 (p = 0.148) in Tab. 7, meaning that there was no lin-
ear relationship between these variables. These findings show
that the duration of diabetes mellitus does not determine the
urinary bladder wall thickness.

Predictors of urinary bladder wall thickness

A multiple regression analysis was run to predict urinary
bladder wall thickness from age, gender, BMI, duration of
diabetes mellitus, fasting blood glucose and glycated hae-
moglobin level. Among all six variables, only gender added
statistically significantly to the prediction, p = 0.023 (Tab. 8).

Discussion
The age range distribution in this study (40-85 years) was

similar to a related study by Uzun et al.®" who also carried
out their study among patients aged 40 to 75 years.
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Among the 80 diabetic mellitus patients included in this
study, only three (3.75%), who were females, presented
with urinary tract symptoms. This is similar to the findings
in the study done by Salem et al.®?, where only two (10%)
of the 20 non-neuropathy diabetic patients had obstructive
and overactive symptoms. Also, 22 (36.7%) out of the 60
neuropathy diabetic patients presented with lower urinary
tract symptoms. 20% of the diabetic neuropathy patients
presented with obstructive urinary symptoms, while none
of the non-neuropathy patients suffered from these symp-
toms. Urgency was the most common symptom in all the
patients in the study done by Ali et al.®¥; urinary frequency
which was the second common symptom, was recorded in
93.5% of the 62 patients with overactive bladder (OAB) and
63.9% (23) of the control group.

A common finding in the majority of reviewed studies was
that the urinary bladder wall thickness was higher in the
diabetics, patients with detrusor overactivity and urinary
tract infection than in the non-diabetics. In the study car-
ried out by Uzun et al ®Y, it was found out that women that
were diabetic and had OAB syndrome had significantly
increased bladder wall thickness compared with the con-
trols (»p = 0.000), which was similar to the findings in this
study, whereby the mean urinary bladder wall thickness in
the diabetic patients was 3.18 = 1.50 mm greater than in
the non-diabetic patients, which was 2.18 + 0.41 mm, with
a statistically significant difference between the two groups
(p <0.001). In the study done by Ali et al.®¥, bladder wall
thickness (BWT) in the patients with documented detrusor
overactivity was significantly higher than in the patients with
normal cystometry. Bladder wall thickness values in patients
diagnosed with cystitis cystica via cystoscopy and those with
recurrent urinary tract infection (UTI) almost completely
overlapped and were very similar. That of the patients with
an episode of cured UTI (Group C) and the healthy controls
(Group D) were almost the same in Milosevic ef al.’s study®*.
The authors suggested that by measuring the BWT, one can
differentiate between the patients with endoscopically veri-
fied cystitis cystica and healthy subjects.

The range of urinary bladder wall thickness in men (1.52—
4.15 mm) was similar to that of women (1.46-3.57 mm)
in this study population, and there was no statistically sig-
nificant difference in the urinary bladder wall thickness
(» = 0.159) between the males and females who partici-
pated in this study (Tab. 4). This is similar to the findings
reported by Blatt et al.®%, where even though the males (2.1
+ 0.54 mm) had a slightly thicker bladder wall than the
females (1.9 = 0.45 mm), there was no statistically signifi-
cant difference between the male and female patients with
a p value of 0.064. Also, a study carried out by Kanyilmaz
et al.®® among 95 healthy volunteers in Turkey showed that
there was no statistically significant difference (p = 0.16)
in the BWT of the men and women. This is contrary to the
findings of the study done by Oelke et al.®?? (Germany and
the Netherlands) that reported higher BWT in males than
in females in a healthy population.

The mean urinary bladder wall thickness of all the male
and female participants of this study was 2.84 = 1.31 mm

and 2.90 = 1.37 mm, respectively. However, the range of
the urinary bladder wall thickness was higher in the dia-
betic males (3.66 = 1.61 mm) than in the diabetic females
(2.9 = 1.37 mm). There was a statistically significant dif-
ference between the urinary bladder wall thickness of the
diabetic men and women (p = 0.027) (Tab. 5).

This is contrary to the findings in the study done by Salem
et al.®¥ among diabetic children, whereby the average
value of bladder wall thickness was almost the same in
both neuropathic and non-neuropathic diabetic patients
probably due to a lesser duration of DM in these type 1
diabetes mellitus patients compared to the type 2 DM in
the index study. Also, the mean rise in estimated bladder
weight in patients with neuropathy and those without was
similar. This observation can be attributable to the differ-
ence in the age range of the study population, and the geo-
graphical and cultural differences.

There was no correlation between the urinary bladder
wall thickness and the urinary bladder volume among the
diabetic patients, and no statistical significance was found
in this study. Similar findings were reported in the study
done by Kanyilmaz et al.®® in Turkey among 95 healthy
volunteers, which revealed that the bladder wall thickness
was negatively correlated with the urinary bladder volume
(r = —-0.50) and bladder surface area (r = —0.57). The results
obtained in the study were, however, higher and statisti-
cally significant. Also, ultrasound estimated bladder weight
had a statistically significant correlation with the bladder
volume (r = 0.36), bladder surface area (r = 0.48), and
the BWT (r = 0.25). This is contrary to the general knowl-
edge that the BWT depends on the degree of bladder filling,
which might have been due to the difference in sample size
compared to other similar studies. Oelke®® revealed that in
normal women the detrusor wall thickness reduced rapidly
between 50 and 250 ml of bladder filling, and reached the
peak and maintained the value of thickness thereafter, with
unremarkable differences between 250 ml and the maxi-
mum bladder capacity.

The relationship between the BWT of the diabetic subjects
in this study and their mean glycated haemoglobin levels
showed no correlation (Spearman’s rho = 0.119) and no
statistical significance (p = 0.309).

The relationship between the duration of diabetes mel-
litus (DDM) of the diabetic subjects in this study and their
mean urinary bladder wall thickness showed no corre-
lation (Spearman’s rho = -0.163) and no statistical sig-
nificance (p = 0.148). The reason could have been the
fact that most of the diabetic patients in the index study
were only diagnosed a few years ago, with the median
duration of diabetes mellitus being six years, since it is
of a non-parametric distribution. Longer duration of DM
is associated with the development of thickened bladder
wall. About half (53.75%) of the diabetic patients in this
study had a DDM of less than six years, with a mean BWT
of 1.16 = 0.37 mm, while the other 46.25% with a DDM
exceeding six years from being diagnosed with diabetes
mellitus were found to have their mean BWT slightly
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higher, measuring 1.22 = 0.42 mm, but with no statisti-
cally significant difference (p = 0.231). All the patients
in this study that presented with urinary symptoms had
poor glycaemic control, with glycated haemoglobin levels
in the range of 9-11%. Evidence suggested an increased
prevalence of urgency with or without urge urinary incon-
tinence among women with type 2 diabetes in the study
done by Brown et al.'” that involved 7,949 community
dwelling women in the USA, and an increasing pattern
with a longer duration of diabetes!®. This was not the
same in the study done by Salem ef al.®?, where the dura-
tion of diabetes was found to be statistically significant
in relationship with the ultrasound estimated BWT (p =
0.018), but not significantly related to any of the recorded
urodynamic parameters in their study.

In the study by Ali e al.®¥, using two-way ANOVA, it was
revealed that there was a significant relationship between
the BWT and DO (p <0.001) and a non-significant rela-
tionship between the BWT and gender (p = 0.142). They
also noted a positive correlation between the patients’ age
and BWT, which was non-significant both in detrusor over-
active patients and healthy ones (Pearson correlation: r =
0.266, p = 0.117, and r = 0.090, p = 0.486, respectively).
A multiple regression analysis done in the index study was
run to predict urinary bladder wall thickness from gender,
age, BMI, duration of diabetes mellitus, fasting blood glu-
cose and glycated haemoglobin level. The model had a sta-
tistically significant predictive power, as shown in Tab. 8.
Among the six variables, only gender was a significant
predictor of the urinary bladder wall thickness, p = 0.023
(Tab. 8), while the other variables were not.

References

1. DeFronzo RA, Ferrannini E, Zimmet P, Alberti KGMM, Alberti G. In-
ternational Textbook of Diabetes Mellitus, 2 Volume Set. Vol. 1. John
Wiley & Sons, 2015.

2. Fendler W, Borowiec M, Baranowska-Jazwiecka A, Szadkowska A,
Skala-Zamorowska E, Deja G et al.: Prevalence of monogenic diabe-
tes amongst Polish children after a nationwide genetic screening cam-
paign. Diabetologia 2012; 55: 2631-2635.

3. Kropff J, Selwood M, McCarthy M, Farmer A, Owen K: Prevalence of
monogenic diabetes in young adults: a community-based, cross-section-
al study in Oxfordshire, UK. Diabetologia 2011; 54: 1261-1263.

4. Thomas ER, Brackenridge A, Kidd J, Kariyawasam D, Carroll P, Col-
clough K et al.: Diagnosis of monogenic diabetes: 10-Year experience in
a large multi-ethnic diabetes center. J Diabetes Investig 2016; 7: 332-337.

5. Gandica RG, Chung WK, Deng L, Goland R, Gallagher MP: Identifying
monogenic diabetes in a pediatric cohort with presumed type 1 diabe-
tes. Pediatr Diabetes 2015; 16: 227-233.

6. Murphy R, Ellard S, Hattersley AT: Clinical implications of a molecular
genetic classification of monogenic p-cell diabetes. Nat Clin Pract En-
docrinol Metab 2008; 4: 200-213.

7. Slingerland AS: Monogenic diabetes in children and young adults: chal-
lenges for researcher, clinician and patient. Rev Endocr Metab Disord
2006; 7: 171-185.

8. Persaud SJ, Jones PM: A wake-up call for type 2 diabetes? New Engl J
Med 2016; 375: 1090-1092.

9. Harris MI, Flegal KM, Cowie CC, Eberhardt MS, Goldstein DE, Little RR
et al.: Prevalence of diabetes, impaired fasting glucose, and impaired
glucose tolerance in US adults. The Third National Health and Nutri-
tion Examination Survey, 1988-1994. Diabetes Care 1998; 21: 518-524.

Conclusion

The BWT of the T2DM patients was statistically higher than
that of the non-diabetic controls (p <0.001). The mean uri-
nary bladder wall thickness of the diabetic patients was
significantly higher than that of the healthy controls.

Gender was the only variable that significantly predicted
the BWT on multiple regression analysis.

Conflict of interest

There is no conflict of interest of any sort.

Acknowledgements

Our gratitude goes to the Almighty God the Father, Saviour and Lord
Jesus Christ for His Grace and empowerment.

Special thanks go to Head of Radiology Department, Dr C. M. Asaleye.

Professor VA. Adetiloye, Dr O. C. Famurewa, Dr B. O. Ibitoye, Dr A. D.
Omisore and Dr A.S. Aderibigbe are also appreciated.

We also thank other colleagues and staff of the Radiology and
Endocrinology Unit, Medicine Departments in the Obafemi Awolowo
University Teaching Hospitals Complex, Ile-Ife.

Special appreciation is also due to our family members for their support
and encouragement.

10. Fedele D, Bortolotti A, Coscelli C, Santeusanio F, Chatenoud L, Colli E
et al.: Erectile dysfunction in type 1 and type 2 diabetics in Italy. Int J

Epidemiol 2000; 29: 524-531.

11. Laumann EO, Paik A, Rosen RC: Sexual dysfunction in the United
States: prevalence and predictors. JAMA 1999; 281: 537-544.

Brown JS, Wessells H, Chancellor MB, Howards SS, Stamm WE,
Stapleton AE et al.: Urologic complications of diabetes. Diabetes Care
2005; 28: 177-185.

Goldman H, Appell R: Voiding dysfunction in women with diabetes
mellitus. Int Urogynecol J Pelvic Floor Dysfunct 1999; 10: 130-133.

Kaplan SA, Te AE, Blaivas JG: Urodynamic findings in patients with
diabetic cystopathy. J Urol 1995; 153: 342-344.

Frimodt-Mgller C: Diabetic cystopathy: epidemiology and related dis-
orders. Ann Intern Med 1980; 92: 318-321.

. Menendez V, Cofan F, Talbot-Wright R, Ricart M, Gutierrez R, Car-
retero P: Urodynamic evaluation in simultaneous insulin-dependent
diabetes mellitus and end stage renal disease. J Urol 1996; 155:
2001-2004.

Brown JS, Seeley DG, Fong J, Black DM, Ensrud KE, Grady D et al.:
Urinary incontinence in older women: who is at risk? Obstet Gynecol
1996; 87: 715-721.

Diokno AC, Brock BM, Herzog AR, Bromberg J: Medical correlates of
urinary incontinence in the elderly. Urology 1990; 36: 129-138.

Haylen BT, de Ridder D, Freeman RM, Swift SE, Berghmans B, Lee J
et al.: An International Urogynecological Association (IUGA)/Interna-
tional Continence Society (ICS) joint report on the terminology for fe-
male pelvic floor dysfunction. J Assoc Chart Physiother Womens Health
2012; 110: 33-57.

12.

13.

14.

15.

17.

18.

19.

J Ultrason 2022; 22: e12-e20

el9



Olugbenga Olumide Adegbehingbe, Oluwagbemiga Ayoola, David Soyoye, Anthonia Adegbehingbe

20.

21.

22.

23.

24,

25.

26.

27.

28.

Digesu GA, Khullar V, Cardozo L, Salvatore S: Overactive bladder symp-
toms: do we need urodynamics? Neurourol Urodyn 2003; 22: 105-108.

Ueda T, Yoshimura N, Yoshida O: Diabetic cystopathy: relationship to
autonomic neuropathy detected by sympathetic skin response. J Urol
1997; 157: 580-584.

Robinson D, Anders K, Cardozo L, Bidmead J, Toozs-Hobson P, Khullar V:
Can ultrasound replace ambulatory urodynamics when investigating
women with irritative urinary symptoms? BJOG 2002; 109: 145-148.

Oelke M: International Consultation on Incontinence-Research Society
(ICI-RS) report on non-invasive urodynamics: the need of standardiza-
tion of ultrasound bladder and detrusor wall thickness measurements to
quantify bladder wall hypertrophy. Neurourol Urodyn 2010; 29: 634-639.

Tanaka H, Matsuda M, Moriya K, Mitsui T, Kitta T, Nonomura K: Ul-
trasonographic measurement of bladder wall thickness as a risk factor
for upper urinary tract deterioration in children with myelodysplasia.
J Urol 2008; 180: 312-316.

Levin RM, Haugaard N, O’Connor L, Buttyan R, Das A, Dixon JS et
al.: Obstructive response of human bladder to BPH vs. rabbit bladder
response to partial outlet obstruction: a direct comparison. Neurourol
Urodyn 2000; 19: 609-629.

Oelke M, Hofner K, Jonas U, Ubbink D, de la Rosette J, Wijkstra H:
Ultrasound measurement of detrusor wall thickness in healthy adults.
Neurourol Urodyn 2006; 25: 308-317.

Pitre D, Ma T, Wallace L, Bauer J: Time-dependent urinary bladder
remodeling in the streptozotocin-induces diabetic rat model. Acta Dia-
betol 2002; 39: 23-27.

Consensus statement: Report and recommendations of the San Anto-
nio conference on diabetic neuropathy. American Diabetes Association
American Academy of Neurology. Diabetes Care 1988; 11: 592-597.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Brant WE: The core curriculum, ultrasound. Lippincott Williams &
Wilkins, 2001.

Hoebeke P, Van Laecke E, Raes A, Walle JV: One hundred consecutive
cystoscopic examinations in children: indications and results. Eur Urol
1996; 30: 112-118.

Uzun H, Ogullar S, Sahin SB, Zorba ov, Akga G, Stimer F et al.: In-
creased bladder wall thickness in diabetic and nondiabetic women with
overactive bladder. Int Neurourol J 2013; 17: 67-72.

Salem MA, El Habashy SA, Toaima DN, Shaker HS, Hetta OM, EI Kafy
JH: Diabetic cystopathy in children and adolescents with Type 1 diabe-
tes mellitus. J Diabet Mellitus 2014; 4: 19-25.

Ali MM, Ahmed AF, Khaled SM, Abozeid H, AbdelMagid ME: Accuracy
of ultrasound-measured bladder wall thickness for the diagnosis of de-
trusor overactivity. Afr J Urol 2015; 21: 25-29.

Milo$evi¢ D, Trkulja V, Turudi¢ D, Batini¢ D, Spaji¢ B, TeSovi¢ G: Ul-
trasound bladder wall thickness measurement in diagnosis of recurrent

urinary tract infections and cystitis cystica in prepubertal girls. J Pedi-
atr Urol 2013; 9: 1170-1177.

Blatt AH, Titus J, Chan L: Ultrasound measurement of bladder wall
thickness in the assessment of voiding dysfunction. J Urol 2008; 179:
2275-2279.

Kanyilmaz S, Calis FA, Cinar Y, Akkoc Y: Bladder wall thickness and

ultrasound estimated bladder weight in healthy adults with portative
ultrasound device. J Res Med Sci 2013; 18: 103-106.

Oelke M, Héfner K, Jonas U, Jean J, Ubbink DT, Wijkstra H: Diagnostic
accuracy of noninvasive tests to evaluate bladder outlet obstruction in
men: detrusor wall thickness, uroflowmetry, postvoid residual urine,
and prostate volume. Eur Urol 2007; 52: 827-834.

e20

J Ultrason 2022; 22: e12-e20



