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Introduction: Diabetic neurogenic bladder is one of the common complications in patients with diabetic neuropathy. However,
studies reporting the prevalence and associated factors of urinary tract infections (UTIs) in patients with diabetic neuropathy are rare.
Therefore, the present study aimed to explore the prevalence and influencing factors of UTI in patients with diabetic neuropathy.
Methods: A hospital-based cross-sectional study that recruited patients with diabetic neuropathy was conducted from January 2019 to
December 2021. Collected data included patient demographic information (age, sex, education level, body mass index), clinical data
(duration of diabetes, method of administration), and laboratory tests. Multivariable logistic regression models were used to identify
the factors associated with UTI risk. The strength of association was expressed as the odds ratio (OR) and 95% confidence interval
(95% CI).

Results: A total of 579 patients were recruited (male, 68.2%; overall average age, 57.89 years). Using multivariate analysis with
adjustment for confounding factors, female sex (odds ratio [OR]: 4.12; 95% CI: 2.24-7.60; P < 0.001), hypodermic insulin injection
(OR: 2.10; 95% CI: 1.02-4.35; P = 0.045), chronic kidney disease (OR: 3.12; 95% CI: 1.11-8.80; P = 0.032), history of UTI (OR =
45.92; 95% CI: 8.62-244.76; P < 0.001), positive urinary nitrite (OR: 32.87; 95% CI: 7.37-146.70; P < 0.001), and high residual urine
volume (OR: 2.19, 95% CI: 1.174.10; P = 0.014) were independent risk factors for UTI in patients with diabetic neuropathy.
Compared with the patients aged <45 years, UTI prevalence increased 2.91-fold in patients aged 45-54 years (OR: 3.91; 95% CI:
1.02-15.03; P = 0.047) and 3.87-fold in those aged >65 years (OR: 4.87; 95% CI: 1.23-19.25; P = 0.024).

Conclusion: The main findings of this study showed that older age, female sex, hypodermic insulin injection, CKD, history of UTI,
and positive urinary nitrite were independent risk factors for UTI in patients with diabetic neuropathy. To minimize the occurrence and
resulting disease burden of UTI, knowledge regarding UTI risk factors in patients with diabetic neuropathy is critical to designate
interventions.
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Introduction

Diabetes mellitus (DM) is a disease of almost epidemic proportions worldwide. As of 2015, more than 415 million adults
have DM, and this number is estimated to increase to 642 million by 2040.' In the United States, an estimated
30.2 million adults or 12.2% had DM in 2015, of which 7.2 million (23.3%) were not aware or did not report having
DM.? In China, the estimated overall prevalence of DM is as high as 11.6%.>
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Diabetic neuropathy is a group of clinical syndromes caused by different pathophysiological mechanisms with diverse
manifestations and is the most common chronic complication of DM.** The most common types of diabetic neuropathy
are distal symmetric polyneuropathy (DSPN) and autonomic neuropathy; DSPN accounts for about 75% of diabetic
neuropathy and is commonly referred to as diabetic peripheral neuropathy.® In Korea’ and in Taiwan, China,® DSPN
accounts for 43% and 21.3% of diabetic neuropathy, respectively.

In addition, diabetic neurogenic bladder (DNB) is a common complication in patients with DM. The primary signs
include overactive bladder, detrusor overactivity, poor bladder emptying or urinary overflow incontinence, decreased
bladder sensory function, and increased bladder volume. Diabetic neuropathy, including DSPN and autonomic neuro-
pathy, is a common pathogenic factor of DNB. Due to the lack of validated and standardized measures, the incidence of
DNB is difficult to estimate;’ urinary dysfunction is reported to be a common complication of diabetes, occurring in more
than 80% of DM patients.'® In China, the incidence of DNB in patients with DM lasting more than 10 years is 25%, and
it can be as high as 50% in patients >15 years of age."'

Urinary tract infections (UTIs) are the second-most common complication of DNB, and about 130—175 million UTIs occur
annually worldwide.'? The prevalence of UTIs assessed in hospital-acquired infections were 12.9% in the United States,
19.6% in Europe, and 24% in developing countries.'* Compared with patients without UTIs, patients with UTIs have
a prolonged hospital stay and experience a longer treatment,'* which leads to an increased societal and familial burden.'”

The risk factors for DNB-UTI are numerous and complex, and there is a lack of predictive tools. Nonetheless,
research concerning UTI in heart failure, DM and nervous system disease has achieved some progress.'®'® However,
risk factors for UTI often change due to different disease comorbidities. Therefore, it is necessary for clinicians to more
carefully consider the prevalence of UTI and its related factors in diabetic patients with neuropathy.

Methods

Study Design

This cross-sectional study was conducted at the Department of Endocrinology in The Third People’s Hospital of

Shenzhen from January 2019 to December 2021. A total of 579 confirmed patients with DM complicated with

neuropathy were recruited. These patients were categorized into two groups according to the presence or absence of UTI.
Study size was determined according to the following parameters: true proportion = 24%, null hypothesis = 19%,

power (1) = 80%, and type I error = 5%.

Participants
Inclusion criteria were as follows: (1) neuropathy in type II DM diagnosed in accordance with the diagnostic criteria of
ICD-10 disease code E11 for DM, (2) UTI diagnosed based on the 2018 Urological Association of Asia guidelines, (3)
age >18 years, (4) able to communicate independently without mental disorders, and (5) provided informed consent.
Exclusion criteria were as follows: (1) incomplete medical records; (2) did not undergo urine routine, blood routine,
liver and kidney function tests, or urinary imaging examinations; (3) urinary system-related diseases, such as urinary
obstruction, congenital kidney malformation, polycystic kidney structural abnormalities, and other diseases; (4) use of
antibiotics before admission or infection at another site; (5) pregnant women, postpartum women, vaginitis, and other
similar conditions; (6) male patients with ureteral stricture, long penile prepuce, calculi, balanoposthitis, recent urologic
surgery, prostatic hypertrophy; (7) other confounding factors caused by UTI; and (8) age <18 years.

Diagnostic Criteria for UTI

Clinical symptoms of UTI included urgency, frequency, dysuria, low back pain, pain during urination, and urinary
retention. Signs included fever (patient axillary temperature >37.5°C), costovertebral angle tenderness/pain, and supra-
pubic tenderness. According to the above clinical manifestations, UTI diagnosis was made when one of the above clinical
manifestations was present and one of the following conditions was met: (1) positive urine culture, (2) bacteria detected
in half of 30 fields by phase contrast microscopy at 400x magnification after centrifugation, (3) bacterial culture by
suprapubic aspiration, or (4) diagnosis of UTI in medical records.'

1262 "= Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

Data Collection
General demographic and clinical information included age (<45, 45-54, 55—64, and >65 years), sex, education level (1-
6, 7-9, 10-12, and >12 years), and medical insurance types (employed medical insurance, residence medical insurance,
self-paying, and others), body mass index (BMI; normal, BMI <24 kg/m?; overweight, BMI >24 kg/m* and <28 kg/m?;
obese, BMI >28 kg/mz), duration of DM (<10, 10-19, and >20 years), mode of insulin administration for DM (oral
medicine, oral and intravenous, without medicine, hypodermic injection), complications, and clinical symptoms and
signs. Residual urine volume was categorized as normal (<20 mL in men and <50 mL in women) and high (>20 mL in
men and >50 mL in women).lg Methods of urination were defined as self-urination, indwelling catheterization,
intermittent catheterization, and cystostomy. Moreover, data were collected regarding the following laboratory indicators:
hemoglobin Alc, fasting blood glucose, 2-hour postprandial blood glucose, albumin, blood urea nitrogen, serum
creatinine, white blood cell count, urine white blood cell count, and urine nitrite value.

If laboratory and imaging studies were performed more than once during the current admission period, the laboratory
and imaging results closest to the first positive urine culture were recorded. If a urine culture was negative or no urine

culture was obtained, the first laboratory test and imaging results after the current admission were recorded.

Statistical Analysis

Categorical variables are presented as numbers with percentages, and differences between groups were assessed using the
chi-squared test. Continuous variables are presented as the mean and standard deviation (SD), and differences between
groups were compared using Student’s 7-test. Multivariable logistic regression models were used to identify the factors
associated with UTI risk, with UTI risk as the dependent variable and associated factors that were statistically significant
in the univariable analysis as the independent variables. UTI risk is presented as the odds ratio (OR) with 95% confidence
interval (CI). P-values < 0.05 were considered to be statistically significant. Data analysis was performed using SPSS
version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Demographical and Clinical Features of Patients with Diabetic Neuropathy

A total of 579 patients with diabetic neuropathy were recruited; male patients accounted for 68.2%. The overall average
age was 57.89 years, and more than 60% patients were aged 45-64 years. Moreover, 55% of patients had an education
level <10 years, and 61.8% patients had resident medical insurance. More than half of patients had a normal weight, and
more than half had a length of DM of <10 years. The combined use of oral and hypodermic injection medicine accounted
for 40.9% (Table 1).

Table | Association Between Demographic Characteristics and Urinary Tract Infections
in Patients with Diabetic Neuropathy

Demographic Characteristics Total UTI Non-UTI P
Sex, n (%) <0.001
Male 395 (68.2) 47 (11.9) 348 (88.1)
Female 184 (31.8) 86 (46.7) 98 (53.3)
Total 579 (100) 133 (23.0) 446 (77.0)
Age, year, means (SD) 57.89 (11.64) | 56.63 (11.36) | 62.12 (11.61) | <0.001
Age group, n (%) <0.001
<45 year 63 (10.9) 5(7.9) 58 (92.1)
45-54 year~ 173 (29.9) 36 (20.8) 137 (79.2)
55-64 year~ 182 (31.4) 35 (19.2) 147 (80.8)
265 year 181 (27.8) 57 (35.4) 104 (64.6)
(Continued)
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Table | (Continued).

Demographic Characteristics Total UTI Non-UTI P
Education level, n (%) 0.001
1~6 year 162 (29.5) 55 (34.0) 107 (66.0)
7~9 year 143 (26.0) 27 (18.9) 116 (81.1)
10~12 year 200 (36.4) 37 (18.5) 163 (81.5)
>12 year 44 (8.0) 7 (15.9) 37 (84.1)
Types of medical insurance, n (%) 0.218
Workers medical insurance 130 (22.6) 25 (19.2) 105 (80.8)
Resident medical insurance 356 (61.8) 80 (22.5) 276 (77.5)
Self-paying 51 (8.9) 16 (31.4) 35 (68.6)
Other 39 (6.8) 12 (30.8) 27 (69.2)
BMI, kg/m?, means (SD) 24.05 (3.46) 24.56 (3.95) 23.90 (3.29) 0.070
BMI group, n (%) 0.781
Normal weight group 271 (52.8) 59 (21.8) 212 (78.2)
Overweight group 177 (34.5) 43 (24.3) 134 (75.7)
Obesity group 65 (12.7) 16 (24.6) 49 (75.4)
History of diabetes, n (%) 0.444
< 10 year 289 (54.8) 63 (21.8) 226 (78.2)
10 year~ 169 (32.1) 40 (23.7) 129 (76.3)
= 20 year 69 (13.1) 20 (29.0) 49 (71.0)
Mode of insulin administration, n (%) 0.008
Oral medicine 164 (28.3) 27 (16.5) 137 (83.5)
Oral and intravenous medicine 237 (40.9) 28 (22.0) 99 (78.0)
Without medicine 127 (21.9) 12 (23.5) 39 (76.5)
Intravenous medicine 51 (8.8) 66 (27.8) 171 (72.2)

Abbreviations: UTI, urinary tract infections; Non-UTI, non-urinary tract infections; BMI, body mass index.

The most common complications were hypertension (50.1%), vascular disease (40.6%) and retinopathy (38.5%).
More than half of patients had a hemoglobin Alc level >8.5% and a fasting plasma glucose level <7.0 mmol/L, whereas
90.0% had 2-hour postprandial plasma glucose levels >10 mmol/L. The positive rate of urine nitrite in this study was
6.1%, and patients with a residual urine volume >30 mL accounted for 25.6% (Table 2).

Table 2 Association Between Clinical Characteristics and Urinary Tract Infections in Patients
with Diabetic Neuropathy

Clinical Characteristics Total UTI Non-UTI P
Complication, n (%)
Peripheral vascular disease 0.226
Yes 235 (40.6) 60 (25.5) 175 (39.2)
No 344 (59.4) 73 (21.2) 271 (78.8)
Retinopathy 0.513
Yes 223 (38.5) 48 (21.5) 175 (78.5)
No 356 (61.5) 85 (23.9) 271 (76.1)
Diabetic nephropathy 0.859
Yes 136 (23.5) 32 (23.5) 104 (76.5)
No 443 (76.5) 101 (22.8) 342 (77.2)
Ketoacidosis 0.208
Yes 14 (2.4) I (7.1) 13 (92.9)
No 565 (97.6) 132 (23.4) 433 (76.6)
(Continued)
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Table 2 (Continued).

Clinical Characteristics Total UTI Non-UTI P

Hypertension 0.386
Yes 290 (50.1) 71 (24.5) 219 (75.5)
No 289 (49.9) 62 (21.5) 227 (78.5)

Coronary heart disease 0.858
Yes 80 (13.8) 19 (23.8) 61 (76.3)
No 499 (86.2) 114 (22.8) 385 (77.2)

Cataract 0.002
Yes 158 (27.3) 50 (31.6) 108 (68.4)
No 421 (72.7) 83 (19.7) 338 (80.3)

Pulmonary infection 0.069
Yes 37 (6.4) 13 (35.1) 24 (64.9)
No 542 (93.6) 120 (22.1) 422 (77.9)

Electrolyte disturbance 0.082
Yes 5(0.9) 3 (60.0) 2 (40.0)
No 574 (99.1) 130 (22.6) 444 (77.4)

Hypoproteinemia 0.138
Yes 11 (1.9) 5 (45.5) 6 (54.5)
No 568 (98.1) 128 (22.5) 440 (77.5)

Chronic kidney disease 0.006
Yes 39 (6.7) 16 (41.0) 23 (59.0)
No 540 (93.3) 117 (21.7) 423 (78.3)

History of urinary tract infection <0.001
Yes 22 (3.8) 19 (86.4) 3 (13.6)
No 557 (96.2) 114 (20.5) 443 (79.5)

Hemoglobin Alc level, n (%) 0.058
< 6.5% 50 (10.7) 17 (34.0) 33 (66.0)
6.5%~ 28 (6.0) 3 (10.7) 25 (89.3)
7.0%~ 108 (23.2) 30 (27.8) 78 (72.2)

28.5% 280 (60.1) 54 (19.3) 226 (80.7)

Fasting plasma glucose level—no (%) 0.461
<7.0mmol/L 197 (60.6) 42 (21.3) 155 (78.7)
>7.0mmol/L 128 (39.4) 23 (18.0) 105 (82.0)

2-hour postprandial blood glucose, 0.689

n (%)
< 10 mmol/L 34 (10.0) 8 (23.5) 26 (76.5)

2 |10 mmol/L 306 (90.0) 63 (20.6) 243 (79.4)

Urine nitrite, n (%) <0.001
Positive 34 (6.1) 31 (91.2) 3 (88)

Negative 523 (93.9) 102 (19.5) 421 (80.5)

Residual urine volume, n (%) <0.001
Normal group 431 (74.4) 75 (17.4) 356 (82.6)

High group 148 (25.6) 58 (39.2) 90 (60.8)

Abbreviations: UTI, urinary tract infections; Non-UTI, non-urinary tract infections.

Univariate Analysis of Associated Factors with UTI in Patients with Diabetic
Neuropathy

Table 1 shows an overall 23% prevalence of UTIs in patients with diabetic neuropathy; the prevalence was significantly
higher in women than in men (P < 0.001). There was higher risk in the prevalence of UTIs with increased age in patients
with diabetic neuropathy (P < 0.001), but a lower risk according to education level (P = 0.001). The mode of insulin
administration for DM was related to UTI (P = 0.008).
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The prevalence of UTI in patients with diabetic neuropathy was higher in those with cataracts, CKD, history of UTI,
and high residual urine volume (P < 0.05; Table 2).

As shown in Table 3, the mean residual urine volume in patients with UTI was significantly higher than that in
patients without UTI (P = 0.040).

Associated Factors of UTI Among Patients with Diabetic Neuropathy in the

Multivariate Analysis

Using multivariate analysis after adjustment for the above-mentioned confounding factors, older age, female sex, hypodermic
injection mode of treatment administration, CKD, history of UTI, and positive urinary nitrite were associated with UTI in patients
with diabetic neuropathy (Table 4 and Figure 1). Compared with patients aged <45 years, UTI risk increased 2.91-fold in those
aged 45-54 years and 3.87-fold in those aged >65 years (all P <0.05). UTI risk in women was 4.12-fold higher than in men (P <
0.001). Compared with oral medicine, UTI risk was 2.10-fold higher with hypodermic insulin injection (P = 0.045). UTI

Table 3 Univariate Analysis of Associated Factors with Urinary Tract Infections in Patients with Diabetic

Neuropathy
Index UTI Non-UTI P
N Means (SD) N Means (SD)
Glycated hemoglobin level, mmol/L 104 9.22 (2.68) 362 9.89 (2.84) 0.034
Fasting plasma glucose level, mmol/L 65 6.69 (2.01) 260 6.87 (2.30) 0.323
2-hour postprandial plasma glucose level, mmol/L 71 16.16 (4.70) 269 15.76 (4.26) | 0.571
Urine specific gravity 131 1.02 (0.01) 416 1.05 (0.36) 0.292
Urine PH 132 5.70 (0.73) 416 5.76 (0.63) 0.352
Residual urine volume, mL 133 42.07 (85.96) 446 25.51 (61.95) | 0.040

Abbreviations: UTI, urinary tract infections; Non-UTI, non-urinary tract infections.

Table 4 Multivariate Analysis of Associated Factors with Urinary Tract Infections in Patients
with Diabetic Neuropathy

Influence Factors Reference Group OR (95% CI) P
Age group: <45 years

45 years~ 3.91 (1.02, 15.03) 0.047

55 years~ 231 (0.59, 9.03) 0.228

265 years 4.87 (1.23, 19.25) 0.024
Female sex Male sex 4.12 (2.24, 7.60) <0.001
Education level: I~6 years

7~9 years 0.58 (0.26, 1.30) 0.184

10~12 years 0.92 (0.45, 1.89) 0.821

>12 years 1.12 (0.32, 3.84) 0.863
Mode of insulin administration: Oral medicine

Oral and intravenous medicine 1.05 (0.44, 2.52) 0.910

Without medicine 1.95 (0.66, 5.73) 0.225

Intravenous medicine 2.10 (1.02, 4.35) 0.045
Cataract No 1.17 (0.59, 2.30) 0.657
Electrolyte disturbance No 2.32 (0.03, 215.08) 0.716
Chronic kidney disease Without chronic kidney disease 3.12 (1.11, 8.80) 0.032
History of urine tract infection No 45.92 (8.62, 244.76) | <0.001
Glycated hemoglobin level — 0.96 (0.86, 1.08) 0.494
Positive urine nitrite Negative 32.87 (7.37, 146.70) | <0.001
High residual urine volume Normal 2.19 (1.17, 4.10) 0.014
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Figure | Associated factors of UTI among patients with diabetic neuropathy showed that older age, female sex, hypodermic injection mode of treatment administration,
CKD, history of UTI, and positive urinary nitrite were associated with UTI in patients with diabetic neuropathy in the multivariate analysis.

prevalence in patients with CKD was 3.12-fold higher than in patients without CKD (P = 0.032). In patients with history of UTI,
UTI prevalence was 45.92-fold higher than in patients without history of UTI (P < 0.001). UTI prevalence was 32.87-fold higher
in patients with positive urinary nitrite (P < 0.001). Furthermore, UTI prevalence was 2.19-fold higher in patients with residual
urine volume >30 mL (P = 0.014).

Discussion
This is the first report concerning factors associated with UTI in patients with diabetic neuropathy. The main findings are
that older age, female sex, hypodermic insulin injection, CKD, history of UTI, and positive urinary nitrite were
independent risk factors for UTI in patients with diabetic neuropathy. However, there were no significant associations
of other demographic characteristics, other complications, or other laboratory indices with UTI in patients with diabetic
neuropathy.

The influencing factors of UTI in patients with diabetic neuropathy have remained unclear. However, studies have
reported that the influencing factors of UTI in patients with DM include female sex: UTI was more common in female
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than male patients with DM and was significantly associated with the presence of neuropathy.?’ This is consistent with
the present findings, which include that UTI prevalence was 4.12-fold higher in female patients than in male patients with
diabetic neuropathy. This may be explained by female urethral anatomy, as the urethra is short and wide and close to both
the vagina and anus.

The association of age with UTI in diabetic neuropathy is controversial. Some studies have shown that infection was
not related to patient age,”° but some studies indicated that general host factors enhancing UTI risk in patients with DM
include age.>' Furthermore, the present study found that UTI prevalence was 4.87-fold higher in patients aged >65 years
than in patients aged <45 years. One possible explanation is the different study populations, particularly as the age
distribution for patients with type I DM and type II DM varies greatly.

Several studies have reported a relationship between CKD and UTI. The possible reason is that patients with UTI use
nephrotoxic antibiotics that can cause kidney damage.?® In addition, patients with CKD have an increased risk of UTI,
which may be related to immunodeficiency in patients with CKD.>* However, no existing studies have reported the
relationship of CKD and UTI in diabetic neuropathy patients. Our studies found that UTI prevalence in patients with
CKD was 3.12-fold higher than in those without CKD. This is consistent with the results of previous studies.

History of UTI is a risk factor affecting the occurrence of UTI in patients with DM; moreover, DM is a risk factor for

recurrent symptomatic UTL*

The current study found that UTI prevalence in patients with history of UTI was 45.92-
fold higher than in patients without history of UTI. This may be because pathogenic bacteria are not completely
eliminated at the time of the first illness and persist in the urinary system for a long time, and the disease subsequently
recurs when the patient’s immunity decreases. In addition, studies report that factors enhancing UTI risk in patients with
DM include long-term complications, primarily diabetic nephropathy and cystopathy.?' However, no definite relationship
between the complication of diabetic nephropathy and UTI in diabetic neuropathy was found in the present study.

Positive urine nitrite often indicates UTI, and this finding is highly specific for UTI.*>

The present study found that
the incidence of UTI in patients with positive urine nitrite was 32.87-fold higher than in patients with negative urine
nitrite. This is consistent with the results of previous studies. This relationship may exist because Gram-negative bacilli
such as Escherichia coli can reduce nitrate to nitrite in urine.

Hypodermic insulin injection is generally indicated for patients with diabetic ketoacidosis or hyperosmolar hyper-
glycemic syndrome.>® However, no studies have reported a relationship between hypodermic insulin injection and UTI
risk. The present results demonstrate a 2.1-fold higher UTI prevalence in patients using hypodermic injection than in
those using oral administration. This may be related to the unstable control of blood glucose in those using hypodermic
insulin injection, as this also increases the urine glucose concentration, thus providing favorable conditions for bacterial
reproduction and directly increasing UTI risk in these patients.

Residual urine volume measurement can detect not only urinary retention but also provide early prediction of bladder
function. The current study found that UTI prevalence with high residual urine volume was significantly greater than
with normal urine volume. This may be because higher residual urine volume indicates bladder dysfunction, which could
easily lead to UTL'® Likewise, our findings suggest that high residual urine volume is associated with UTI in patients
with diabetic neuropathy. However, some studies have shown that an increase in residual volume after urination is not
related to recurrence of urinary tract infection.”” Therefore, in light of the differences in these studies, further clarification
is needed by more prospective cohort studies in the future.

Our study in patients with diabetic neuropathy found that factors associated with UTI in patients with diabetic
neuropathy were similar to risk factors for UTI in other populations, such as age, female sex, CKD, and history of
previous UTIL. These findings help to provide a more comprehensive understanding regarding the risk factors of UTI in
patients with diabetic neuropathy, provide clinical patients with ideas for UTI prevention, and avoid the increased disease
and economic burden of patients due to UTI as much as possible.

There are some limitations to this study. The first limitation is that this was a single-center study, and data were
included only for patients from the same hospital. The results are therefore less representative and likely not general-
izable to other patient populations. We will continue to conduct multicenter studies in the future. The second is that this is
a cross-sectional study, and the possibility that patients may develop UTIs at a later time cannot be ruled out. Further
follow-up studies at different time points will be added in the future. In addition, our study only observed and analyzed
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the related factors of UTI in patients with diabetes and neuropathy and did not further evaluate the association between
diabetic infection and UTI with infections at other common sites. In view of these limitations, we expect to continue
conducting representative multicenter prospective cohort studies in the future; such studies will help to further clarify the
causal relationship between factors related to UTI in patients with diabetes and neuropathy and to analyze the association
between the disease and other common sites of diabetic infection.

Conclusion

In conclusion, this study found that age >65 years, female sex, hypodermic insulin injection, CKD, previous history of
UTI, positive urinary nitrite, and high residual urine volume are risk factors for UTI in patients with diabetic neuropathy.
Understanding the risk factors for UTI in patients with diabetic neuropathy can help clinicians identify high-risk patients
early, enabling the earliest possible intervention regarding prevention and treatment strategies. Therefore, we believe that
further prospective cohort studies and studies concerning the mechanism of UTI in diabetic patients with neuropathy are
necessary to determine whether controlling or reducing risk factors can effectively prevent UTI in such patients.
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