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Purpose: Diabetic neurogenic bladder (DNB) has been widely recognized in recent years. It
is common in patients with long-term diabetes and may also lead to many severe complica-
tions. Although there has been widespread evidence that inflammation is involved in the
development of some diabetic complications, there is little evidence that this can also occur
in the bladder. In recent years, platelet-to-lymphocyte ratio (PLR) and neutrophil-to-
lymphocyte ratio (NLR) have been viewed as potential novel markers of inflammatory
responses. This study was designed to evaluate the relationship between the presence of
DNB and the PLR and NLR.

Patients and Methods: A total of 371 cases of T2DM patients were included in this
retrospective study. Patients were divided into two groups, with 115 diabetic subjects
diagnosed with diabetic neurogenic bladder and 256 control subjects without DNB. The
independent predictors of DNB were analyzed using logistic regression.

Results: Compared with patients without DNB, the mean PLR and NLR were significantly
higher in those with DNB (p < 0.001). Based on the logistic regression, PLR was found to be
an independent risk factor for DNB (odds ratio [OR]: 1.408, 95% confidence interval [CI]:
1.248-1.617). From the receiver operating characteristic (ROC) curve, using PLR as indi-
cative of DNB was expected to be 101.1949, and it generated a sensitivity and specificity
value of 89.6% and 23.4%, respectively. The area under the curve (AUC) was also found to
be 0.899 (95% CI: 0.865-0.932).

Conclusion: In our study, PLR and NLR were significantly higher for patients with DNB.
The PLR was found to be a risk factor in the presence of DNB after correcting for possible
confounding factors. Considering the severe complications associated with DNB, patients
with elevated PLR should be seriously cared for in clinics.

Keywords: diabetic autonomic neuropathy, neurogenic bladder, oxidative stress,
inflammatory response

Introduction

Diabetes mellitus (DM) is a widespread epidemic disease. According to estimates
from the American Diabetes Association (ADA), more than 23 million Americans
over the age of 20 have diabetes, with almost 95% of these being of type 2
(T2DM)." Among some of the chronic complications of diabetes, there is diabetic
neurogenic bladder (DNB), one type of diabetic autonomic neuropathy, which, in
recent years, has been widely recognized and treated as a result of a greater
understanding of the disease. Currently, based on the literature, it is estimated
that morbidity in diabetic patients suffering from DNB is about 40%-80%, while
the incidence rate is still 25% despite controlling blood glucose levels.” Further
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studies have shown that the incidence of DNB in patients
with diabetes lasting more than 10 years is 25%, and that
for those over 15 years, can be as high as 50%.> DNB is
mainly characterized by a stable increase in post-void
residual urine (PVR) and bladder volume, the weakening
of bladder in bladder
contractility.* It can also further lead to urinary tract infec-

sensation and a decrease

tions, uroschesis and hydronephrosis, as well as other
conditions, which can seriously affect patients’ quality of
life. Based on the above, it is clear that improving the
management of patients in an attempt to reduce patient
mortality is important. At the same time, exploring effec-
tive biomarkers that can predict the presence of DNB can
also be of great value.

It is well known that the pathophysiological mechan-
isms of T2DM are multifactorial. However, the association
between chronic low-grade inflammation and DM has
been the main focus of many epidemiological studies.’
However, since leukocyte (WBC) counts and its subtypes
are typical inflammatory markers,® prospective studies
have attempted to wuse leukocyte counts, pro-
inflammatory cytokines, chemokines, and other indirect
inflammation markers (such as fibrinogen) as predictive
markers of T2DM.” As a result, the link between high
leukocyte counts and insulin resistance has already been
shown in patients with T2DM.® Platelet-to-lymphocyte
ratio (PLR) and neutrophil-to-lymphocyte ratio (NLR)
are also novel biomarkers of systemic inflammation,
which occur in various conditions, including cancers and
cardiovascular diseases.”'! To date, several studies have
shown a relationship between diabetic microvascular com-
plications and PLR and NLR values,'* "

Kuo having recently found increased mast cells in the

with Wang and

urothelium and suburothelial layers of diabetic people,'
thereby indicating a link between inflammation and blad-
der lesions. In this study, the aim was to investigate, for
the first time, the relationship between DNB and the PLR
and NLR values.

Patients and Methods
Study Population

In total, 371 patients were recruited for the study. From
October 2005 to October 2020, 115 patients with type 2
diabetic neurogenic bladder conditions were selected from
the Department of Endocrinology and Metabolism of The
First Affiliated Hospital of Wenzhou Medical University
(as DNB group). The inclusion criteria were:

1. Patients should have been diagnosed with type 2
diabetes according to World Health Organization
Standards.'®

2. An estimated value > 50 mL for the PVR using
ultrasonography.'’

During the same period, 256 cases of T2DM patients
without DNB were randomly selected as the control
group (T2DM group). The exclusion criteria of the two
groups were:

1. People with type 1 diabetes mellitus.

2. People with benign prostatic hyperplasia (BPH).

3. People with a previous history of diseases, which
are known to interfere with bladder or sphincter
functions (eg, prostate or bladder cancer and pre-
vious genitourinary surgery).

4. Acute metabolic complications of diabetes contain-
ing ketoacidosis or hypertonic hyperglycemia.

5. Patients with serious dysfunctions of important
organs such as the brain, the heart, and the lung
amongst others.

Methods and Calculations

For each patient, informed consent was first obtained
before collecting clinical data from personal medical
records on patient admission. These data were specifically
defined and included information such as anthropometric
measurements (height and weight), demographic variables
(sex and age), the duration of diabetes, any history of
smoking and drinking, and comorbidity, as well as labora-
tory data (eg, bilirubin and hemoglobin). PLR and NLR
were calculated as the ratio of platelets and neutrophils to
lymphocytes, respectively, while the body mass index
(BMI) was calculated as the weight divided by the height
squared (kg/m2). Geriatric nutritional risk index (GNRI)
was calculated from individually-obtained current body
weight in kg, the ideal body weight, the height in centi-
meters, and the serum albumin level.'® Finally, complica-
tions related to T2DM were diagnosed according to
criteria set out in specific guidelines.

Statistical Analysis

The Kolmogorov—Smirnov test was used to evaluate the
distribution of the continuous variables. Normal distribu-
tion variables were expressed as means + standard devia-
tions (SD) and were compared using the Student’s #-test.
On the other hand, variables exhibiting a non-normal
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distribution were expressed as median values and inter-
quartile ranges before being compared using the Mann—
Whitney U-test. In the case of counting data, values were
expressed in frequencies and percentages (%), with the

two groups further compared using chi-square tests.

Table | Baseline Patient Characteristics

Finally, logistic regression was used to analyze the inde-
pendent predictors of DNB. Taking DNB diagnosis as
a positive result, the area under the receiver operating
characteristic (ROC) curve along with the PLR cutoff

point with the highest sensitivity and specificity were

DNB (N=115) T2DM (N=256) P-value
Sex
Male 34(29.6%) 174(68.0%) <0.001
Female 81(70.4%) 82(32.0%)
Age 63.3£13.0 55.7+13.2 <0.001
BMI, kg/m2 22.2+3.78 25.2+3.45 <0.001
SBP (mmHg) 136+25.7 136£18.6 0.986
DBP (mmHg) 76.8+14.2 79.9+11.3 0.024
Duration of diabetes (years) 11.4+6.23 6.68+5.90 <0.001
History (%)
Smoking (current or ever) 13 (11.3%) 92 (35.9%) <0.001
Drinking (current or ever) 7 (6.1%) 66 (25.8%) <0.001
Comorbidity (%)
Hypertension 70 (60.9%) 115 (44.9%) 0.005
Diabetic nephropathy 33 (28.7%) 5 (2.0%) <0.001
Atherosclerosis 78 (67.8%) 126 (49.2%) <0.001
Laboratory data
HbAlc% 9.57+2.61 9.23+2.21 0.503
FBG 9.31x4.71 7.91£3.65 <0.001
RBC 3.78+0.637 4.56+0.605 <0.001
WBC 7.48+3.52 7.08+1.89 0.48
NLR 4.04+3.32 1.91x1.25 <0.001
PLR 175+90.1 89.1+24.6 <0.001
HB 110+23.0 139+18.5 <0.001
Total bilirubin 8.07+3.77 12.1+5.41 <0.001
Direct bilirubin 3.14£1.96 4.48+2.70 <0.001
Indirect bilirubin 4.93+2.30 7.63+3.29 <0.001
Albumin 34.5+6.64 39.3£5.16 <0.001
ALT 21.4+16.8 30.2+22.8 <0.001
AST 24.4+16.4 27.1£15.6 0.002
Blood urea nitrogen 7.70%5.50 5.59+2.15 <0.001
Creatinine 85.2+62.7 67.0+21.6 0.097
Uric acid 300111 333+96.6 <0.001
TC 4.43+1.70 4.711.19 0.003
TG 1.55+1.28 221+£1.89 <0.001
HDLc 1.10+0.388 0.99+£0.236 0.017
LDLc 2.48+1.28 2.59+0.844 0.013
GNRI 93.3%13.6 140+33.7 <0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; RBC, red blood cell; WBC, white blood cell; PLR, platelet-to-lymphocyte
ratio; TB, total bilirubin; NLR, neutrophil-to-lymphocyte ratio; TG, triglycerides; TC, total cholesterol; GNRI, geriatric nutritional risk index; HB, hemoglobin; FBG, fasting

blood glucose.
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obtained. All analyses were performed using IBM SPSS
Statistics version 25.0. Differences were considered to be
statistically significant for p-values <0.05.

Results
Comeparison of General Data and Clinical

Characteristics

For this study, 371 patients were recruited, of which 115
had DNB (DNB group), and 256 had T2DM only (T2DM
group). Table 1 summarizes the demographic characteris-
tics and laboratory results of these two groups of patients.
Compared to the T2DM group, values for the DNB group
in terms of the percentage of women, diabetic nephropa-
thy, atherosclerosis (AS), age, duration of diabetes, the
levels of FBG, PLR, NLR and blood urea nitrogen
(BUN) were significantly higher (p < 0.05). On the other
hand, smoking rates, drinking rates, the levels of DBP,
BMI, RBC, hemoglobin (HB), mean platelet volume
(MPV), total bilirubin (TB), direct bilirubin (DB), indirect
bilirubin (IDB), uric acid (UA) and GNRI were all sig-
nificantly lower than the values for the T2DM group (p <
0.05). Furthermore, compared with patients without DNB,
the PLR and NLR were significantly higher for those with
DNB (p < 0.001).

Logistic regression analysis showed that the indepen-
dent risk factors for DNB were duration of diabetes, PLR,
TB, GNRI and HB (Table 2). In this case, forest plot was
used to show the results more intuitively (Figure 1).

Table 2 Logistic Regression Analysis Showing Independent
Predictors of DNB

Variables OR 95% ClI p-value
Sex 0.65 0.285-1.485 0.388
Age 0.983 0.946—1.02 0.450
Duration of diabetes 1.127 1.059-1.203 0.002
Atherosclerosis 0.963 0.413-2.227 0.940
BMI 0.903 0.802-1.016 0.155
HbAIc 1.074 0.905-1.284 0.498
HB 0.96 0.936-0.983 0.006
PLR/10 1.408 1.248-1.617 <0.001
NLR 1.206 0.963-1.532 0.184
TB 0.88 0.804-0.958 0.016
FBG 1.051 0.953-1.159 0.397
UA 0.998 0.994-1.002 0.354
GNRI 0.953 0.927-0.972 <0.001

Abbreviations: BMI, body mass index; PLR, platelet-to-lymphocyte ratio; TB, total
bilirubin; NLR, neutrophil-to-lymphocyte ratio; GNRI, geriatric nutritional risk
index; HB, hemoglobin; UA, uric acid; FBG, fasting blood glucose; OR, odds ratio;
Cl, confidence interval.

Figure 2 shows that, as an independent risk factor for
DNB, the cut-off value of PLR was 101.1949, while its
sensitivity and specificity for the diagnosis of DNB were
89.6% and 23.4%, respectively. Besides, the area under the
curve was 0.899 (95% CI: 0.865-0.932).

Discussion

In the present study, we investigated the effectiveness of
PLR/NLR in predicting the presence of diabetic neuro-
genic bladder. To the best of our knowledge, this is the
first study demonstrating the relationships between DNB
and PLR/NLR. Currently, research and sufficient under-
standing of DNB are still lacking, despite the fact that this
condition is frequently diagnosed in patients with T2DM.
In fact, it is known that bladder sensory impairment,
increases in the post-void residual volume and decreases
in detrusor contractility are typical urodynamic manifesta-
tions of the disease,'” but even though T2DM is a well-
defined disease and relatively easy to diagnose, DNB tends
to be latent with symptoms not appearing until the disease
is in an advanced stage.”’ Thus, it is important to find
independent factors that are used for predicting the pre-
sence of DNB.

It is well known that metabolic abnormalities such as
oxidative stress, glycolipid toxicity, and insulin resistance
trigger-specific tissue inflammation. These, in turn, play an
important role in the pathogenesis of T2DM, thereby sug-
that this
syndrome.*! The biology of DNB being multifactorial, its

gesting disease is an autoinflammatory
proposed pathogenesis includes ischemia, altered glucose
metabolism, impaired axonal transport and superoxide-
induced free-radical formation.”> Among these, hypergly-
cemia stimulation plays an important role as it results in
increased oxidative phosphorylation in the bladder as well
as in all insulin-independent tissues, thereby leading to
significant oxidative stress.”® Oxidative stress is character-
ized by an imbalance between the antioxidant defenses of
the body and the production of reactive oxygen species
(free radicals). When an excessive number of free radicals
react, they destroy major cellular components such as
proteins, lipids and DNA. It is this oxidative stress that
triggers an inflammatory response in many target tissues,
with studies even reporting that this condition may potenti-
ate inflammation in peripheral tissues along with the gen-
eration of more reactive oxygen species (ROS) in
endothelial cells.?** These findings, therefore, suggest
a correlation between the pathogenesis of DNB and
inflammation.
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Figure | Logistic forest plot showing independent predictors of DNB.

Abbreviations: BMI, body mass index; PLR, platelet-to-lymphocyte ratio; TB, total bilirubin; NLR, neutrophil-to-lymphocyte ratio; GNRI, geriatric nutritional risk index;

HB, hemoglobin; UA, uric acid; FBG, fasting blood glucose; OR, odds ratio.

PLR and NLR are increasingly considered as indicative
of systemic inflammations.”® Numerous studies have
found PLR and NLR to have predictive significance, espe-
cially in the case of diabetes, various cancers, and for
acute coronary syndromes.”” However, most studies on
diabetes have, so far, only explored the relationships
between PLR/NLR and microvascular complications.
From the results of our study, it was found that, compared
with diabetic patients without DNB, those with DNB had
higher PLRs/NLRs and, hence, PLR and NLR were sub-
sequently used as independent markers in predicting the
presence of DNB. Through logistic regression analysis,
PLR was found to be an independent risk factor in the
presence of DNB, unlike NLR for which no independent
association with DNB was found. Therefore, there is no
ROC analysis for NLR to define its predictive value.

Increasing evidence has shown that PLR is associated
with diabetes and its complications, with the predictive

value of this marker having already been proven in numer-
ous studies. For instance, according to Hudzik et al, PLR
was considered an independent risk factor in diabetic
patients for early and late mortality.*® Similarly, Yue et al
found that PLR was significantly increased during the
onset of diabetic retinopathy (DR),?® while Zhang et al
reported that the PLR for patients with diabetic foot ulcers
(DFU) increased significantly and was positively corre-
lated with Wagner DFU grade.*’

As
responses, many studies have reported that PLR is positively

a potential biomarker reflecting inflammation
correlated with traditional inflammatory markers. Since PLR is
calculated as the ratio of platelets to lymphocytes, a high PLR
can either occur as a result of the platelet count being high or
the lymphocyte count being low. In previous studies, elevated
platelet counts have been correlated with proinflammatory
substances and acute-phase reactants, such as tumor necrosis

factor a, high-sensitivity C-reactive protein (hsCRP),
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Figure 2 Receiver-operating characteristics (ROC) curve analysis for platelet-to-
lymphocyte ratio as a predictor of the severity of diabetic neurogenic bladder.
Abbreviations: ROC, receiver operating characteristic; Cl, confidence interval;
PLR, platelet-to-lymphocyte ratio.

interleukin-1, and interleukin-6.>° In fact, high platelet counts
may also reflect an increased release of inflammatory media-
tors as well as increased thrombocyte activation, resulting in
destructive inflammatory response and thrombotic states.’'
Similarly, the second component of PLR, the lymphocyte
count, plays an important role in inflammatory response.
Lymphocytes regulate inflammatory responses and accelerated
apoptosis of lymphocytes can lead to lymphopenia.®* Possible
etiologies of DNB, such as hyperglycemic stimulation that
occurs through oxidative stress and inflammatory responses,
can impair the bladder endothelial cell and axonal transport,
hence leading to abnormal bladder dysfunction. These explain
why PLR can have predictive value regarding the onset
of DNB.

Our study still has several limitations. First, it was under-
taken in a single center while involving a relatively small
sample size. Thus, the results may not be representative of
all patients with diabetic neurogenic bladder. Furthermore,
being a case—control study design, it could not be investigated
whether controlling the PLR could affect DNB outcome.
Finally, due to the large age span of patients with diabetic
neurogenic bladder and the time of onset is uncertain, the basic
characteristics of the research objects were not well balanced.

Conclusions
In conclusion, our study found that PLR and NLR values
were significantly higher in patients with DNB. PLR was

a reliable predictive biomarker for DNB diagnosis, but
considering the severe complications associated with this
condition, it is recommended to use PLR mainly during the
carly stages to predict the presence of DNB. Periodic resi-
dual urine or urodynamic measurement and early interven-
tion are important measures in patients with elevated PLR.
Furthermore, patients with elevated PLR values should be
more seriously cared for in clinical settings.
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