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Objective: To study the correlation of urodynamic characteristics with insulin resistance
and serum damage media in patients with diabetes and benign prostatic hyperplasia (BPH).
Methods: 45 patients with type 2 diabetes mellitus and BPH treated in our hospital between
May 2014 and August 2016 were selected as DM+BPH group, 58 patients with BPH alone
were selected as BPH group, and 50 healthy volunteers were selected as control group.
Urodynamic tester was used to measure the maximum flow rate (MFR), postvoid residual
(PVR) and detrusor pressure at maximum flow rate (Pdet), and serum was collected to
determine insulin resistance indexes and oxidative stress indexes. Results: MFR and Pdet of
DM+BPH group were significantly lower than those of control group (P<0.05) while PVR was
significantly higher than that of control group (P<0.05); MFR of BPH group was significantly
lower than that of control group (P<0.05) while PVR and Pdet were significantly higher than
those of control group (P<0.05); MFR and Pdet of DM+BPH group were significantly lower
than those of BPH group (P<0.05) while PVR was significantly higher than that of BPH group
(P<0.05); insulin secretion index (HOMA-β), insulin sensitive index (ISI) as well as serum
manganese superoxide dismutase (MnSOD), copper-zinc superoxide dismutase (CuZnSOD)
and glutathione peroxidase (GPx) levels of DM+BPH group and BPH group were significantly
lower than those of control group (P<0.05) while insulin resistance index (HOMA-IR) as
well as serum thioredoxin (Trx) and thioredoxin-interacting protein (TXNIP) levels was
significantly higher than those of control group (P<0.05); HOMA-β, ISI as well as serum
MnSOD, CuZnSOD and GPx levels of DM+BPH group were significantly lower than those
of BPH group (P<0.05), positively correlated with MFR and Pdet, and negatively correlated
with MFR, and HOMA-IR as well as serum Trx and TXNIP levels was significantly higher
than those of BPH group (P<0.05), negatively correlated with MFR and Pdet, and positively
correlated with MFR. Conclusions: Insulin resistance and oxidative stress injury are the
mechanisms that cause the urodynamic changes in patients with diabetes and BPH.
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years, the incidence of type 2 diabetes mellitus with BPH is rising,

1. Introduction

and the continuously elevated blood glucose will activate the
oxidative stress to cause oxidative peripheral nerve damage[2]. When

Benign prostatic hyperplasia (BPH) is common urinary system

diabetic neuropathy involves the sympathetic and parasympathetic

disease in elderly men, and the hyperplastic prostate tissue will

nerves that control bladder, voiding dysfunction will occur; the

squeeze the urethra and cause voiding dysfunction[1]. In recent

combination of type 2 diabetes mellitus and BPH will cause damage
to the sympathetic and parasympathetic nerves that control bladder
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as well as urinary tract compression and urination obstruction, thus
leading to the voiding dysfunction. In the following study, in order
to define the voiding function in patients with diabetes and BPH, the
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urodynamic features were analyzed, and the insulin resistance and

radioimmunoprecipitation kits were used to detect the levels of

serum damage medium levels associated with urodynamic changes

manganese superoxide dismutase (MnSOD), copper-zinc superoxide

were also analyzed.

dismutase (CuZnSOD), glutathione peroxidase (GPx) as well as
thioredoxin (Trx) and thioredoxin-interacting protein (TXNIP).

2. Materials and methods

2.5. Statistical analysis

2.1. Research subjects

SPSS20.0 software was used to input and analyze data,
measurement data comparison among three groups was by variance

45 patients with type 2 diabetes mellitus and BPH treated in our

analysis, pair-wise comparison was by LSD-t test, correlation

hospital between May 2014 and August 2016 were selected as the

analysis was by Pearson test and P<0.05 indicated statistical

DM+BPH group of the study, 58 patients with BPH alone were

significance in differences.

selected as BPH group, and the patients with type 2 diabetes mellitus
were diagnosed after oral glucose tolerance test and with good blood
glucose control and glycosylated hemoglobin content <7%; patients

3. Results

with BPH were with prostate volume >20 mL after ultrasonography.
DM+BPH group were 59–67 years old and with prostate volume

3.1. Urodynamic indexes of three groups of subjects

(23.5±3.5) mL; BPH group were 58–65 years old and with prostate
volume (24.2±4.1) mL; 50 healthy volunteers receiving physical

Analysis of urodynamic indexes MFR, PVR and Pdet among three

examination in our hospital during the same period were selected as

groups of subjects is as follows: MFR and Pdet of DM+BPH group

control group, and they were 49–62 years old. The three groups of

were significantly lower than those of control group (P<0.05) while

subjects were not significantly different in general information (P＞

PVR was significantly higher than that of control group (P<0.05);

0.05). The informed consents were obtained from all the patients.

MFR of BPH group was significantly lower than that of control
group (P<0.05) while PVR and Pdet were significantly higher than

2.2. Urodynamic testing methods

those of control group (P<0.05); MFR and Pdet of DM+BPH group
were significantly lower than those of BPH group (P<0.05) while

Laborie urodynamic tester was used to determine urodynamic

PVR was significantly higher than that of BPH group (P<0.05)

indexes of three groups of subjects, patients drank plenty of water

(Table 1).

and urinated after they had strong urge to urinate, and the maximum

Table 1

flow rate (MFR) was tested; then they took lithotomy position, twoway catheter was inserted through the urinary tract to extract and
determine postvoid residual (PVR); after that, F1 rectum piezometer
tube was inserted through the anus to determine detrusor pressure at
maximum flow rate (Pdet).

Comparison of urodynamic indexes among three groups of subjects (x依s ).
Groups
DM+BPH group
BPH group
Control group

n
45
58
50

MFR (mL/s)
11.77±1.47△▲
18.24±2.03△
23.78±3.91

PVR (mL)
Pdet (cm H2O)
133.26±16.71△▲ 27.89±3.36△▲
92.52±10.26△
48.51±6.10△
67.25±8.12
37.51±5.63

: compared with control group, P＜0.05; ▲: compared with BPH group, P

△

＜0.05.

2.3. Insulin resistance evaluation methods
5 mL of peripheral blood specimen was collected from three groups
of subjects and centrifuged to get serum, immunoluminescence kits
were used to determine insulin and blood glucose levels, and HOMA
model was referred to calculated insulin secretion index (HOMA-β),
insulin resistance index (HOMA-IR) and insulin sensitive index
(ISI).

2.4. Serum oxidative stress index detection methods
5 mL of peripheral blood specimen was collected from
three groups of subjects and centrifuged to get serum, and

3.2. Insulin resistance-related indexes
Analysis of insulin resistance-related indexes HOMA-IR, HOMA-β
and ISI among three groups of subjects is as follows: HOMA-β and
ISI of DM+BPH group and BPH group were significantly lower than
those of control group (P<0.05) while HOMA-IR was significantly
higher than that of control group (P<0.05); HOMA-β and ISI of
DM+BPH group were significantly lower than those of BPH group
(P<0.05) while HOMA-IR was significantly higher than that of BPH
group (P<0.05) (Table 2).
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Table 2

the peripheral nerve complications can also cause the symptoms

Comparison of insulin resistance-related indexes among three groups of

of urinary tract obstruction and neurogenic bladder, which in

subjects (x依s ).

turn lead to the changes in urodynamics[5,6]. In order to define

Groups
DM+BPH group
BPH group
Control group

n
45
58
50

HOMA-IR
3.42±0.45△▲
2.29±0.34△
1.25±0.15

HOMA-β
22.41±3.52△▲
40.58±5.18△
68.93±8.14

: compared with control group, P＜0.05;

ISI
-4.89±0.71△▲
-4.11±0.57△
-3.05±0.41

: compared with BPH group, P

△

▲

the urination condition in patients with type 2 diabetes mellitus
and BPH, urodynamic parameters MFR, PVR and Pdet were
analyzed in the study. Urodynamics measure the urination functionrelated parameters MFR, PVR and Pdet based on the principle of
hydromechanics and electrophysiology. MFR and Pdet of DM+BPH

＜0.05.

group were significantly lower than those of control group (P<0.05)

3.3. Serum oxidative stress indexes

while PVR was significantly higher than that of control group

Analysis of serum oxidative stress indexes MnSOD, CuZnSOD,
GPx, Trx and TXNIP among three groups of subjects is as follows:
serum MnSOD, CuZnSOD and GPx levels of DM+BPH group and
BPH group were significantly lower than those of control group
(P<0.05) while Trx and TXNIP levels were significantly higher than
those of control group (P<0.05); serum MnSOD, CuZnSOD and
GPx levels of DM+BPH group were significantly lower than those of
BPH group (P<0.05) while Trx and TXNIP levels were significantly
higher than those of BPH group (P<0.05) (Table 3).

(P<0.05); MFR of BPH group was significantly lower than that
of control group (P<0.05) while PVR and Pdet were significantly
higher than those of control group (P<0.05). This means that the
change trend of MFR and PVR is consistent in DM+BPH group
and BPH group, and in the process of illness development, different
levels of urinary retention and urinary flow rate decrease will appear
under the influence of enlarged prostate obstruction and neuropathy.
However, Pdet change trend is different between DM+BPH group
and BPH group, the decreased Pdet in patients with DM+BPH is
associated with the sympathetic and parasympathetic nerve lesions
caused by diabetes, the detrusor loses innervation and decreased

3.4. Correlation analysis

muscle strength occurs; the elevated Pdet in patients with BPH is

Pearson test analysis of the correlation between urodynamic indexes
and insulin resistance as well as oxidative stress indexes showed
that MFR and Pdet were positively correlated with HOMA-β, ISI as
well as serum MnSOD, CuZnSOD and GPx levels, and negatively
correlated with HOMA-IR as well as serum Trx and TXNIP levels;
MFR was negatively correlated with HOMA-β, ISI as well as serum
MnSOD, CuZnSOD and GPx levels, and positively correlated with
HOMA-IR as well as serum Trx and TXNIP levels.

related to urinary tract obstruction caused by prostatic hyperplasia,
and compensatory bladder detrusor hyperplasia and hypertrophy
occur and lead to enhanced muscle contractility[7,8].
The most prominent pathological features of patients with type 2
diabetes are insulin resistance and relatively insufficient isletβcell
secretion function, and accompanied by the abnormal activation of
inflammation and oxidative stress reaction in the body. In order to
define the degree of insulin resistance in the development of type
2 diabetes combined with BPH, insulin resistance- and sensitivityrelated indexes of three groups of subjects were analyzed in the
study, and the results showed that HOMA-β and ISI of DM+BPH

4. Discussion

group and BPH group were significantly lower than those of control

Diabetic peripheral neuropathy is a common complication of type
2 diabetes mellitus, and when neuropathy involves the sympathetic
and parasympathetic nerves that control bladder, neurogenic bladder
will occur and affect the micturition function[3,4]. In recent years,
the incidence of type 2 diabetes mellitus and BPH is rising, and

group (P<0.05) while HOMA-IR was significantly higher than
that of control group (P<0.05); HOMA-βand ISI of DM+BPH
group were significantly lower than those of BPH group (P<0.05)
while HOMA-IR was significantly higher than that of BPH group
(P<0.05). HOMA-β is the index that reflects islet β cell secretion
function, and its level decrease indicates relatively insufficient

Table 3

Comparison of serum oxidative stress indexes among three groups of subjects (U/L, x依s ).
Groups

n

DM+BPH group 45
BPH group
58
Control group 50

MnSOD
14.58±1.75△▲
26.18±3.51△
37.49±5.14

: compared with control group, P＜0.05;

△

Antioxidant enzymes
CuZnSOD
23.51±3.42△▲
37.68±4.61△
57.29±6.81

GPx
10.33±1.52△▲
17.86±2.03△
32.52±4.18

: compared with BPH group, P＜0.05.

▲

Thioredoxin
Trx
17.68±2.31△▲
9.45±1.03△
6.02±0.77

TXNIP
22.31±3.51△▲
16.24±1.93△
10.42±1.45
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secretion of β cells; ISI is the index that reflects insulin sensitivity,

307.

and its level decrease indicates that peripheral tissue is not sensitive

[2] Bang WJ, Lee JY, Koo KC, et al. Is type-2 diabetes mellitus associated

to insulin; HOMA-IR is the index that reflects the degree of

with overactive bladder symptoms in men with lower urinary tract

insulin resistance, and its level increase indicates that peripheral

symptoms? Urology 2014; 84(3): 670-674.

tissue resistance to insulin increases. Combined with the results

[3] O hara N, Kaneko M, Yano T, et al. Type 1 diabetes mellitus and

of correlation analysis, it is believed that the aggravated degree of

pernicious anemia in an elderly Japanese patient: a case report and

insulin resistance is associated with the occurrence of type 2 diabetes

literature review. Intern Med 2015; 54(18): 2361-2365.

mellitus combined with BPH as well as the urodynamic change[9,10].
Studies about the pathogenesis of diabetic complications in recent
years show that the excessive generation of oxygen free radicals and

[4] Wu L, Zhang X, Xiao N, et al. Functional and morphological alterations
of the urinary bladder in type 2 diabetic FVB(db/db) mice. J Diabet
Complicat 2016; 30(5): 778-785.

the excessive activation of oxidative stress on the basis of insulin

[5] Chiu YL, Kao S, Lin HC, et al. Benign prostatic enlargement is not

resistance are the important ways to cause diabetic neuropathy.

associated with diabetes: a population-based study. Andrology 2015; 3(5):

There are a variety of antioxidant enzymes such as SOD and GPx in

933-936.

cells, and they can maintain the balance of cellular REDOX status.

[6] Q
 u X, Huang Z, Meng X, et al. Prostate volume correlates with diabetes

The CuZnSOD and MnSOD in SOD family, also known as SOD1

in elderly benign prostatic hyperplasia patients. Inter Urol Nephrol 2014;

and SOD2, can rapidly disproportionate the superoxide anions

46(3): 499-504.

into hydrogen peroxide or molecular oxygen[11,12]; the GPx-1 in

[7] Jeong J, Lee HS, Cho WJ, et al. Effect of detrusor overactivity on

GPx family can further remove hydrogen peroxide. In the process

functional outcomes after holmium laser enucleation of the prostate in

of excessive activation of oxidative stress and massive generation

patients with benign prostatic obstruction. Urology 2015; 86(1): 133-138.

of superoxide anions and other oxygen free radicals, CuZnSOD,

[8] Yamanishi T, Kaga K, Fuse M, et al. The role of muscarinic receptor

MnSOD and GPx-1 will be constantly consumed, which leads to the

subtypes on carbachol-induced contraction of normal human detrusor

intracellular REDOX state imbalance and causes

damage[13,14].

In

addition to antioxidant enzymes SOD and GPx, thioredoxin family

and overactive detrusor associated with benign prostatic hyperplasia. J
Pharmacol Sci 2015; 128(2): 65-70.

also plays an important role in the antioxidant process. Trx is a kind

[9] Blaslov K, Bulum T, Duvnjak L. The role of endothelial dysfunction

of small molecule protein with antioxidant properties, and in the

driven by adipocitokines in the development and progression of

process of oxidative stress, it is released from cells into serum and

microvascular complications in patients with type 1 and type 2 diabetes.

scavenges free radicals; TXNIP can antagonize the antioxidant effect

Med Hypotheses 2015; 84(6): 593-595.

of Trx[15,16]. In the study, analysis of the levels of the antioxidant

[10]Jiang B, Liu Y, Liu Y, et al. Association of four insulin resistance genes

enzymes showed that serum MnSOD, CuZnSOD and GPx levels

with type 2 diabetes mellitus and hypertension in the Chinese Han

of DM+BPH group and BPH group were significantly lower than

population. Mol Biol Rep 2014; 41(2): 925-933.

those of control group (P<0.05) while Trx and TXNIP levels were

[11]Li QR, Wang Z, Zhou W, et al. Epalrestat protects against diabetic

significantly higher than those of control group (P<0.05); serum

peripheral neuropathy by alleviating oxidative stress and inhibiting

MnSOD, CuZnSOD and GPx levels of DM+BPH group were

polyol pathway. Neural Regen Res 2016; 11(2): 345-351.

significantly lower than those of BPH group (P<0.05) while Trx and

[12]Koneri RB, Samaddar S, Simi SM, et al. Neuroprotective effect of a

TXNIP levels were significantly higher than those of BPH group

triterpenoid saponin isolated from Momordica cymbalaria Fenzl indiabetic

(P<0.05). This means that there is REDOX disorder in patients with

peripheral neuropathy. Indian J Pharmacol 2014; 46(1): 76-81.

diabetes and BPH, characterized by excessive activation of oxidative
stress reaction and massive consumption of antioxidant enzymes.
To sum up, there are significant urodynamic changes in patients

[13]Li Y, Qi L, Li J. Effect of hyperbaric oxygen combined with α-lipoic
acid on neurological function and serum indexes of patients with diabetic
peripheral neuropathy. J Hainan Med Univ 2016; 22(13): 1394-1397.

with type 2 diabetes mellitus and BPH, and the insulin resistance

[14]F arshid AA, Tamaddonfard E. Histopathological and behavioral

increase and oxidative stress injury are the molecular mechanisms

evaluations of the effects of crocin, safranal and insulin on diabetic

that cause the urodynamic changes.

peripheral neuropathy in rats. Avicenna J Phytomed 2015; 5(5): 469-478.
[15]Gumuslu E, Mutlu O, Celikyurt IK, et al. Exenatide enhances cognitive
performance and upregulates neurotrophic factor gene expression levels
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