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Abstract

BACKGROUND

Urinary sepsis is frequently seen in patients with diabetes mellitus (DM) complicated
with upper urinary tract calculi (UUTCs). Currently, the known risk factors of urinary

sepsis are not uniform.

AIM
To analyze the risk factors of concurrent urinary sepsis in patients with DM

complicated with UUTCs by logistic regression.

METHODS

We retrospectively analyzed 384 patients with DM complicated with UUTCs treated in
People’s Hospital of Jincheng between February 2018 and May 2022. The patients were
screened according to the inclusion and exclusion criteria, and 204 patients were
enrolled. The patients were asagned to an occurrence group (n = 78) and a
nonoccurrence group (n = 126). Logistic regression was adopted to analyze the risk

factors for urinary sepsis, and a risk prediction model was established.

RESULTS

Gender, age, history of lumbago and abdominal pain, operation time, urine leukocytes
(U-LEU) and urine glucose (U-GLU) were independent risk factors for patients with
concurrent urinary sepsis (P < 0.05). Risk score = 0.794 x gender + 0.941 x age + 0.901 x
history of lumbago and abdominal pain - 1.071 % operation time + 1.972 x U-LEU +
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1.541 x U-GLU. The occurrence group had notably higher risk scores than the
nonoccurrence group (P < 0.0001). The area under the curve of risk score for forecasting

concurrent urinary sepsis in patients was 0.801, with specificity of 73.07%, sensitivity of

79.36% and Youden index of 52.44%.

CONCLUSION
Sex, age, history of lumbar and abdominal pain, operation time, ULEU and UGLU are

independent risk factors for urogenic sepsis in diabetic patients with UUTC.
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Core Tip: This study was to determine risk factors of concurrent urinary sepsis in
patients with diabetes mellitus comorbid with upper urinary tract calculi and construct
a risk prediction model. Gender, age, history of lumbago and abdominal pain,
operation time, urinary leukocytes and urinary glucose were independent risk factors
for concurrent urinary sepsis. It is helpful to identify high-risk patients at an early stage
and implement active and effective intervention measures to reduce complications and

improve the prognosis of patients.

INTRODUCTION

With the improvement of living standards, the incidence of urinary calculi worldwide is
increasing gradually. Its incidence in adults in China is 1%-5%, and upper urinary tract
calculi (UUTCs) are a more frequently seen problem(!l. Calculi are caused by several

factors, such as socioeconomic status, environmental factors and eating habits?. The
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incidence of calculi in northern and southern areas of China differs, with a high
incidence in southern areas (5%-10%)Il. Other factors such as gender and genetic
susceptibility can also affect the occurrence of calculi, and the incidence rate among
males is three times that among femalesl*l. In China, the annual incidence of urinary
calculi is 150-200 cases per 100000 people, and approximately 25% of patients need
hospitalization and surgical treatment. After treatment, the recurrence rate is high at
approximately 50% within 10 years/5l.

The urethra connects the urinary system with the outside world, providing a way for
bacteria and other pathogens to invade the urinary systeml®l. Usually, the flushing
action during urination and urethral mucosa form a natural protective barrier to
prevent bacteria from remaining, growing and reproducing!’l. However, various factors
hinder the defensive function of the urinary system. For example, obstruction can result
in stagnant water above the obstruction, making it easier for pathogenic bacteria to
invade and colonize the urinary system, giving rise to infectionl8l. Without timely
intervention, the infection may develop into urinary sepsis or even septic shock,
endangering the life of patients.

Sepsis is a serious disease and an acute physical reaction caused by infection, with
associated physiological, pathological and biochemical abnormalitiesl®l. Sepsis is
defined as organ dysfunction due to the host’s uncontrolled immune response to
infection. Unfortunately, sepsis is a global health threat with high mortalityl'0l. Without
timely treatment, sepsis may develop into septic shock and multiple organ dysfunctions
and even cause deathl!1l.

The incidence of diabetes mellitus (DM) is increasing. According to the latest statistics
of the International Diabetes Federation, the global prevalence of DM has reached 9.3%.
DM can give rise to systemic damage, leading to immune dysfunction and proneness to
serious infection'2l. However, currently, the risk factors for concurrent urinary sepsis in

patients with UUTCs and DM are still under investigation.
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Accordingly, this study aimed to determine the risk factors for concurrent urinary
sepsis in patients with DM comorbid with UUTCs to provide a reference for clinical

therapy and prevention.

MATERIALS AND METHODS

Patients

We retrospectively analyzed 384 patients with DM complicated with UUTCs treated in
People’s Hospital of Jincheng between February 2018 and May 2022. Inclusion criteria
were: (1) Imaging results, such as urinary ultrasound, intravenous urography or
abdominal computed tomography, suggested the presence of UUTCs; (2) a clear history
of DM that met the guidelines for the diagnosis and treatment of senile DM in Chinal'3l;
and (3) a complete medical history and laboratory and imaging data. Exclusion criteria
were: (1) Age < 18 years; (2) pregnant women; (3) bilateral UUTCs; (4) hematological
disease, immune system disease, or malignant tumors; (5) treated with
immunomodulatory drugs; and (6) other primary infection, such as lung or abdominal
infection. The 384 patients were screened according to the inclusion and exclusion
criteria, and 204 patients were enrolled. According to Guidelines for Emergency
Treatment of Sepsis/Septic Shock in China (2018)1'4 and the diagnostic criteria for
urinary sepsis/4l, patients were assigned to an occurrence group (n = 78) and

nonoccurrence group (n = 126).

Collection of clinical data

The clinical data were collected through the medical record system of our hospital,
including: (1) General information: Gender, age and body mass index; (2) medical
history: Lumbago and abdominal pain, hematuria, symptoms of urinary tract irritation,
hypertension, and DM; (3) urine examination data: Urinary leukocytes (U-LEU),
urinary nitrite (U-NIT), urinary glucose (U-GLU), and urinary occult blood; and (4)
imaging examination data: Lateral classification, location, maximum diameter and

hydronephrosis of calculi.
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Statistical analysis
We used R language 4.1.1 software (R Foundation for Statistical Computing, Vienna,
Austria) for data cleaning andénalysis, and constructed a model. Logistic regression
was adopted for screening the risk factors, and receiver operating characteristic (ROC)

curve was adgpted for value verification. This study used Graph Pad Prism 8.0 for data

visualization. P < 0.05 indicated a significant difference.

RESULTS

Analysis of clinical data

The occurrence and nonoccurrence groups did not differ significantly for hematuria and
hypertension (P > 0.05) (Table 1), but they did differ significantly for gender, ﬁe,
history of lumbago and abdominal pain, symptoms of urinary tract irritation and

operation time (P < 0.05) (Table 1).

Comparison of urinary examination indexes

The occurrence and nonoccurrence groups did not differ significantly for urinary occult
blood (P > 0.05) (Table 2), but they did differ significantly for U-LEU, U-NIT, and U-
GLU (P < 0.01) (Table 2).

Imaging index detection
The occurrence and nonoccurrence groups did not differ significantly for lateral
classification of cglculi, obstruction position, maximum calculi diameter and severity of

hydronephrosis (P > 0.05) (Table 3).
Logistic regression analysis

According to the above results, meaningful indicators were assigned (Table 4). The

backward logistic regression method was used. Gender, age, history of lumbago and
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abdominal pain, operation time, U-LEU and U-GLU were independent risk factors for

concurrent urinary sepsis (P < 0.05) (Table 5).

Construction of risk model

Based on the B coefficient of logistic regression, a risk score for predicting concurrent
urinary sepsis was constructed. Risk score = 0.794 x gender + 0.941 x age + 0.901 x
history of lumbago and abdominal pain - 1.071 x operation time + 1.972 x U-LEU +
1.541 x U-GLU. According to the comparison results, the occugrence group had notably
higher risk scores than the nonoccurrence group (Figure 1A) (P < 0.0001). According to
ROC curve analysis, the area under the curve (AUC) of risk score for forecasting
concurrent urinary sepsis was 0.801, with specificity of 73.07%, sensitivity of 79.36% and
Youden index of 52.44% (Figure 1B).

DISCUSSION
Urinary sepsis is a dangerous disease. Without timely diagnosis and treatment, its
prognosis is unfavorablel'5l. There are approximately 2.8 to 9.8 million new cases of
urinary sepsis every year, with 1.6 million deathsl'®l. Thus, it is important to quickly
identify urinary sepsis and provide effective timely treatment. In the guidelines of the
European Association of Urology (2017 edition), the definition of urinary sepsis has
been updated, which emphasizes that the disease is more serious than uncomplicated
infection and may cause organ dysfunction and become life-threatening!'7l. Patients
with UUTCs and DM are more likely to have urinary sepsis('®l. This is because calculi
may trigger infection, and DM makes patients susceptible to various diseases[!l.
Therefore, early identification of high-risk factors in these patients and effective
intervention have become the focus of many hospitals, which has also been recognized
by the World Health Organization.

Our study retrospectively analyzed the risk factors for concurrent urinary sepsis in
patients with DM complicated with UUTCs. Gender, age, history of lumbago and

abdominal pain, operation time, U-LEU and U-GLU were independent risk factors for
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concurrent urinary sepsis. The risk of urinary sepsis was about 2.212 times higher in
women than in men. Prior research has revealed that women with ureteral calculi or
who undergo endoscopic lithotripsy face an independently increased risk of urinary
sepsisl?’l. However, one other study has revealed no independent correlation between
gender and incidence of urinary sepsis(?!l. Kumar et all22l have revealed that the reasons
why older women are prone to urinary ﬁact infection and progression to urinary sepsis
may include poor perineal hygiene, postmenopausal estrogen deficiency, atrophic
vaginitis, uterine and bladder prolapse and the use of vaginal supports.

With the increase of age, the functions of various organs or systems tend to decline,
including liver and kidney dysfunction, cardiovascular system defects, and immune
system defects[®®l. Weakened compensatory ability of organs and systems in patients
gives rise to a decline in overall physical function, and patients with DM are more
susceptible to infection in such cases!?!l. Urinary tract obstruction can easily give rise to
secondary infection, systemic inflammatory reaction and even sepsisl®l. In this study,
the risk of urinary sepsis in patients aged > 60 years was 2.563 times that in patients <
60 years old, which is in agreement with previous studies.

Similar to prior research, U-LEU was an independent risk factor for UUTCs
complicated with urinary sepsis in our studyl?®l. Some researchers believe that positive
urine bacterial culture can more accurately predict the occurrence of urinary sepsis?7l.
However, our study did not include the results of urine bacterial culture as a predictor
because of the lag time of urine bacterial culture. Usually, it takes 2-3 d or even longer
to achieve the results of urine bacterial culture, which leads to a lag in forecasting
ability. Therefore, we mainly adopted LI-LEU as an indicator, which suggests purulent
inflammation in the urinary tract, so it can be used to predict the risk of urinary sepsis.

In patients with DM, the reasons for positive U-GLU may include an increase in
blood glucose and decrease in renal glucose threshold. Hyperglycemia causes failure of
glucose absorption in the renal tubules, so that glucose is excreted in the urinel!sl.
Additionally, DM can decrease the ability of renal tubules to absorb glucose, and the

glucose in urine cannot be completely reabsorbed?8l. Both of these conditions may lead
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to positive U-GLU. Positive U-GLU may indicate poor control of DM or diabetic
nephropathy. Diabetic nephropathy can easily damage the genitourinary system,
causing difficulty in controlling wurinary tract infection or recurrence. High
concentration of U-GLU provides heat for the growth and metabolism of pathogenic
bacteria, which in turn leads to disorder of the body’s defense mechanisms.

In this study, a history of lumbago and abdominal pain had a strong correlation with
concurrent urinary sepsis in patients with DM and UUTCs. Lumbago and abdominal
pain are frequent symptoms of UUTCs, and one of the manifestations of many patients
with urinary sepsisi??l. UUTCs can give rise to urinary retention, bacterial reproduction
and infection, increasing the risk of urinary sepsis. DM complicated with UUTCs is a
risk factor for urinary sepsisl®l. Patients with DM are often accompanied by various
pathophysiological changes such as decreased immune function and metabolic
disorder, which can lead to urinary tract infection. Therefore, patients with DM and
UUTGCs are at higher risk of urinary sepsis.

Long operation time increases the risk of infection. Long-term exposure of wound
tissue increases the probability of infection by surrounding flora, and long operation
time also increases bleeding and absorption of perfusion fluid, which increase the risk
of infection. Urethral obstruction during surgery may also lead to urinary retention,
creating favorable conditions for bacterial reproduction(2+31l,

We constructed a risk prediction model based on the regression coefficient. A
prediction model is a mathematical model that estimates the probability of a specific
event or disease according to the combination of multiple risk factors. Through the
analysis and assessment of risk factors, a data-based model can be established to help
doctors and researchers better understand the risk factors of a disease and develop
better prevention and treatment plans. In this study, the occurrence group had notably
higher risk scores than the nonoccurrence group, and the AUC of risk score in
forecasting urinary sepsis was > 0.8, indicating a high value of the risk model in

predicting urinary sepsis.
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We analyzed the risk factors for concurrent urinary sepsis in patients with DM
complicated with UUTCs by logistic regression model, and successfully constructed a
prediction model. However, our study had some limitations. First, there was no
external verification of our results. This was because in such a single-center study, it
was impossible to establish an effective verification set because of the small number of
samples collected. Second, as a single-center research model, its universality needs
further verification. Therefore, we hope to carry out prospective research and collect

more samples in the future to improve the conclusions.

CONCLUSION

3
Gender, age, history of lumbago and abdominal pain, operation time, U-LEU and U-
GLU were independent risk factors for concurrent urinary sepsis in patients with DM
and UUTGs. It is helpful to identify high-risk patients at an early stage and implement

effective intervention measures to reduce complications and improve prognosis.

ARTICLE HIGHLIGHTS

Research background

In patients with diabetes mellitus (DM), long-term hyperglycemia can trigger increases
in sugar, protein and other substances in urine, promoting formation of calculi. Urinary
calculi can lead to urinary tract infection, renal insufficiency and other complications,
and even become life-threatening in severe cases, causing a serious impact on the health
of patien&with DM. However, at present, the risk factors for urinary sepsis are not
uniform. The purpose of this study was to analyze the risk factors for urinary sepsis in
patients with DM complicated with upper urinary tract calculi (UUTCs) to provide

potential indicators for clinical observation.

Research motivation
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It is helpful to identify high-risk patients at an early stage and implement and effective
intervention measures by constructing a prediction model, thus reducing complications

and improving prognosis.

Research objectives
We successfully predicted high-risk patients by establishing a risk model, which was

beneficial to clinical and targeted treatment and prevention.

Research methods
We constructed a risk model of urinary sepsis by logistic regression model, which

provided an observation model for the prediction of high-risk patients.

Research results
Although we successfully established a risk model, due to the small number of patients,
it was impossible to carry out external verification, so more data are needed to verify

whether the model is universal.

Research conclusions

Gender, age, history of lumbago and abdominal pain, operation time, and urinary
leukocytes and urinary glucose were independent risk factors for concurrent urinary
sepsis in patients with DM and UUTCs, and we predicted high-risk patients using a risk

model.
Research perspectives
The universality of the model could be verified based on multicenter data, and then

extended to clinical practice.
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Figure 1 Value of risk score in predicting urinary sepsis in patients with diabetes
mellitus and upper urinary tract calculi. A: Risk score in predicting urinary sepsis; B:

Area under the curve of risk score for prediction of urinary sepsis. 4P < 0.0001.
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Table 1 Analysis of clinical data

Factors Occurrence Nonoccurrence X2 P
group (n=78) group (n = 126) value value
9.219 0.002
Gender Male 30 76
Female 48 50
Age 5.732  0.016
> 60 yr 45 51
<60 yr 33 75
BMI 0.292  0.588
> 25 28 50
kg/m?
< 25 50 76
kg/m?
History of 8.459 0.003
lumbago and
abdominal
pain
Yes 38 36
No 40 90
Hematuria 0.569 0.450
Yes 36 65
No 42 61
Symptoms of 403 0.044
urinary tract
irritation
Yes 60 80
No 18 46
Hypertension 0.533 0.465
Yes 30 55
No 48 71
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Operation 64.32 £15.35 5994 +7.04 4.662 0.001

time

BMI: Body mass index.
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Table 2 Detection of urinary indexes

Factors Occurrence Nonoccurrence X2 P value

group (n = group (n=7126)

78)
Urine 1.210 0.750
occult
blood
- 18 35
1+ 22 28
2+ 24 38
3+ 14 25
U-LEU 15.330 0.002
- 4 30
1+ 26 38
2+ 20 37
3+ 28 25
U-NIT 12.499 0.001
- 33 85
+ 45 41
U-GLU 11.596 0.008
- 7 33
1+ 17 31
2+ 40 50
3+ 14 12

U-LEU: Urinary leukocytes; U-NIT: Urinary nitrite; U-GLU: Urinary glucose.
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Table 3 Comparison of imaging indexes

Factors Occurrence Nonoccurrence )2 P value
group (n = group (n =126)
78)

Lateral 1.494 0.221
classification of
calculi

Left 48 88

Right 30 38
Obstruction 2.938 0.086
position

Ureter 64 90

Kidney 14 36
Maximum 0.048 0.825
diameter of
calculi

= 20 39 65

mm

< 20 39 61

mm
Degree of 0.400 0.526
hydronephrosis

Yes 11 22

No 67 104
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Table 4 meaningful indicators were assigned

Factors Assignment

Gender Male =0, female =1

Age 260yr=1,<60yr=0

History of lumbago and abdominal pain Yes=1,no=0

Symptoms of urinary tract irritation Yes=1,no=0

Operation time 260yr=1,<60yr=0

U-LEU -=0,1+3+=1

U-NIT -=0,+=1

U-GLU -=0,1+3+=1

Occurrence Occurrence group = 1, nonoccurrence group =0

U-LEU: Urinary leukocytes; U-NIT: Urinary nitrite; U-GLU: Urinary glucose.
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Table 5 Logistic multivariate regression

Factors B Standar »? P OR 95%CI

d error value Lower Upper

limit limit
Gender 0794 0335 5603 0.018 2212 1.146 4268
Age 0941 0346 7408 0.006 2563 1.301 5.047
History of lumbago 0901  0.348 6.700 0.010 2462 1.245 4871
and abdominal pain
Symptoms of 0628 0379 2753 0.097 1875 0.892 3939
urinary tract
irritation
Operation time -1.071 0.345 9.619 0.002 0342 0.174 0.674
U-LEU 1972  0.602 10.72 0.001 7.182 2207 23.373
5

U-NIT 0491 0339 2101 0.147 1634 0841 3.172
U-GLU 1541 0.509 9.171 0.002 4.668 1.722 12.652

U-LEU: Urinary leukocytes; U-NIT: Urinary nitrite; U-GLU: Urinary glucose.
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