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Abstract
Background The prevalence of type 2 diabetes mellitus (T2DM) is increasing each year and has become one of the most
prominent health concerns worldwide. Patients with T2DM are prone to infectious diseases, and urinary tract infections are
also widespread. Despite a comprehensive understanding of urinary tract infection (UTI), there is a lack of research
regarding primary prevention strategies for asymptomatic bacteriuria (ASB).
Objective To clarify the incidence and risk factors of asymptomatic urinary tract infection in patients with T2DM by meta-
analysis to provide evidence for preventing UTI. Help patients, their families, and caregivers to identify the risk factors of
patients in time and intervene to reduce the incidence of ASB in patients with T2DM. Fill in the gaps in existing research.
Study design Meta-analyses were conducted in line with PRISMA guidelines.
Methods Eleven databases were systematically searched for articles about ASB in T2DM, and the retrieval time was
selected from the establishment of the database to February 5, 2023. Literature screening, quality evaluation, and meta-
analysis were independently performed by two researchers according to the inclusion and exclusion criteria, and a
meta-analysis was performed using Stata 17.0.
Results Fourteen articles were included, including cohort and case–control studies. A meta-analysis of 4044 patients
with T2DM was included. The incidence of ASB in patients with T2DM was 23.7%(95% CI (0.183, 0.291); P < 0.001).
After controlling for confounding variables, the following risk factors were associated with ASB in patients with
T2DM: age (WMD= 3.18, 95% CI (1.91, 4.45), I2 = 75.5%, P < 0.001), female sex (OR= 1.07, 95% CI(1.02, 1.12),
I2 = 79.3%, P= 0.002), duration of type 2 diabetes (WMD= 2.54, 95% CI (1.53, 5.43), I2 = 80.7%, P < 0.001), HbA1c
(WMD= 0.63, 95% CI (0.43, 0.84), I2= 62.6,%. P < 0.001), hypertension (OR= 1.59, 95% CI (1.24, 2.04), I2 = 0%,
<0.001), hyperlipidemia (OR= 1.66, 95% CI (1.27, 2.18), I2 = 0%, P < 0.001), Neuropathy (OR= 1.81, 95% CI (1.38,
2.37), I2 = 0%, P < 0.001), proteinuria (OR= 3.00, 95% CI (1.82, 4.95), I2 = 62.7%, P < 0.001).
Conclusion The overall prevalence of ASB in T2DM is 23.7%. Age, female sex, course of T2DM, HbA1C, hypertension,
hyperlipidemia, neuropathy, and proteinuria were identified as related risk factors for ASB in T2DM. These findings can
provide a robust theoretical basis for preventing and managing ASB in T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease
characterized by hyperglycemia caused by insulin resis-
tance or insufficient insulin secretion. Clinical features

include polydipsia, polyuria, and weight loss [1, 2].
Long-term hyperglycemia will lead to organ damage and
dysfunction, including vision loss, renal failure, cardio-
vascular diseases, sexual dysfunction, gastrointestinal
and urinary tract infections, and so on [3]. According to a
survey conducted by the International Diabetes Federa-
tion in 2021, there are ~537 million diabetes patients
worldwide, an increase of 16% compared to 2019 [4].
Diabetes reduces the immune function of individual
patients and is prone to vascular diseases, causing
microcirculation blood flow disorders, leading to tissue
hypoxia, and a decrease in antibody distribution leads to
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infection. High blood sugar levels are also conducive to
the survival of pathogens such as bacteria and fungi
[5, 6]. Therefore, patients with diabetes are more prone to
infections, including urinary tract infections, which are
often caused by gram-negative bacilli (G-), Enterobacter,
and Klebsiella [7]. Urinary tract infections (UTI) include
symptomatic bacteriuria and asymptomatic bacteriuria,
which leads to a decline in patients’ quality of life and an
increase in social and psychological burden [8].
Asymptomatic bacteriuria (ASB) is also a disease that
cannot be ignored. Studies have shown that the incidence
of ASB in patients with diabetes is approximately three
times that in normal people [9]. The Infectious Diseases
Society of America believes that diabetic patients do not
need to be screened or treated for asymptomatic bacter-
iuria. Screening or treatment will not improve the
symptoms or outcome. Contrary, intervention with anti-
biotics will make the intestinal flora of diabetic patients
disorder and lead to weakness. The application of anti-
biotics may lead to antibiotic resistance and clostridioides
difficile infection [10]. However, ASB will develop into
UTI, which will damage the patient’s urinary system. It is
necessary and meaningful to carry out primary prevention
for diabetic patients without screening or treating
asymptomatic bacteriuria. Through meta-analysis, the
risk factors can be obtained, so as to achieve accurate
prevention and intervention and reduce the incidence of
ASB in T2DM.

ASB patients have no symptoms or signs of urinary
tract infection but are positive after repeated urine bac-
terial cultures; in these patients, the number of colonies
after two consecutive cultures reaches 105/ml [11].
Currently, healthcare professionals pay more attention to
symptomatic bacteriuria but less to the study of ASB.
Long-term ASB can damage the renal function of
patients with diabetes, and approximately half of ASB
patients will develop symptomatic bacteriuria [12].
Strengthening the primary prevention of ASB in patients
with diabetes can reduce the incidence of ASB, thereby
reducing the possibility of symptomatic bacteriuria and
improving the quality of life of patients with diabetes
[13]. This study systematically searched for related
cohort and case–control studies on ASB in T2DM
patients and conducted a meta-analysis to screen for
related risk factors. This study aims to generate evidence
to help patients, their families, and medical workers
prevent asymptomatic bacteriuria and to increase the
evidence for identifying patients with diabetes with a
high risk of ASB. The calculation of the prevalence rate
fills the gap in the epidemiology of ASB in T2DM,
provides a reference for clinical medical staff, offers new
research ideas for researchers, and improves the under-
standing of ASB.

Methods

Literature search strategy

Eleven databases, including PubMed, Web of Science,
Cochrane, Embase, Ovid, Scoups, Chinese full-text journal
database, VIP database, Wan Fang database, The National
Medical Journal of China, and Sinomed database, were
queried, and Endnote X9 software was used to screen the
standard literature. Stata 17.0 software was used to perform
a meta-analysis of the included literature. The retrieval
period was from the establishment of the database to Feb-
ruary 5, 2023. The retrieval strategy adopted a combination
of subject and free words. For data retrieval from Chinese
databases, we used the keywords “asymptomatic bacter-
iuria,” “occult bacteriuria,” “bacteriuria,” “pyuria,” “Leu-
kocyturia,” “asymptomatic urinary tract infection,” “occult
urinary tract infection,” “asymptomatic bladder infection,”
“occult bladder infection,” “asymptomatic ureteral infec-
tion,” “occult ureteral infection” and “type 2 diabetes mel-
litus.” The retrieval strategy for the English database is
shown in the Appendix in detail. The reference lists of
relevant articles were screened and checked to identify
eligible studies.

Inclusion criteria

Patients: (1) Type 2 diabetes mellitus with asymptomatic
bacteriuria diagnosed definitively; (2) age ≥18 years; and (1)
Case-control study or cohort study. (2) The language of the
literature is Chinese or English.

Exclusion criteria

(1) Abnormal urinary system structure; (2) Document types
such as conference reports, case reports, and reviews; (3)
inability to obtain complete literature, repeated publications,
or incorrect statistical methods; (4) Newcastle Ottawa Scale
Score (NOS) < 6.

Data extraction and quality assessment

After importing articles into Endnote X9, the titles and
abstracts of the articles were independently read and
screened by two researchers (MengQiao Dai and Shan Hua)
who had systematically studied evidence-based courses.
The remaining documents were independently read and
screened according to the exclusion criteria. The two
researchers independently extracted data from the literature
that met the inclusion criteria, including author information,
publication year, risk factors, literature type, sample size,
age, prevalence rate, and related risk factors. While select-
ing articles and extracting information, if two researchers

264 Endocrine (2023) 82:263–281



disagreed, a third researcher with the same qualification was
consulted to reach a consensus to ensure the quality of the
included articles.

Two researchers independently evaluated the quality of the
articles and scored them using the NOS scale. The NOS score
includes three large blocks, with eight items to evaluate case-
control or cohort studies, including the selection, compar-
ability, exposure, evaluation, and results of the research
population. The total score was 9, and articles with a score of
less than 6 were excluded. If two researchers disagreed on the
quality evaluation of an article, a third researcher with the
same qualification was consulted to reach a consensus.

Statistical analyses

Stata 17.0 (StataCorp LLC, College Station, Texas, USA)
was used to analyze the data. The odds ratio (OR) was used
as the effect index for counting data, the weighted mean
difference (WMD) was used as the effect index for mea-
suring data. The interval estimation was expressed as a 95%
confidence interval. If the heterogeneity test showed P ≥ 0.1
and I2 ≤ 50% suggested that the study was homogeneous,
the fixed effect model was adopted. Studies were considered
heterogeneous if the heterogeneity was P < 0.1 and
I2 > 50%. The random effects model was used to determine
the source of heterogeneity through sensitivity analysis or
subgroup analysis. If the heterogeneity was still large, a
random-effect model combined with a descriptive analysis
was used to express the results. According to the Cochrane
website recommendations, a funnel chart was used for
publication bias analysis when a single risk factor was
present in more than ten articles.

Result

Results of literature retrieval

A total of 1668 articles were retrieved; 314 duplicates were
removed using Endnote X9 software, and the remaining
1354 articles were used for further analysis. After two
researchers read the titles and abstracts of the articles, 1307
articles were excluded, leaving 47 documents. After reading
the specific contents of the literature according to the
exclusion and inclusion criteria, 14 studies were included in
the meta-analysis. A flow diagram of the search and
selection of studies is shown in Fig. 1.

Study characteristics

Fourteen articles [14–27] were finally included in the meta-
analysis, which included 4044 patients with type 2 diabetes.
In this study, the sample size ranged from 80 to 632

patients. The studies were published between 2004 and
2023. Among the included documents, seven were written
in English, and seven were in Chinese. The basic char-
acteristics of the included studies are shown in Table 1.

Risk of bias assessment

Literature quality evaluation was scored using the NOS
scale, with 9 being the highest score and greater than or
equal to 6 being a good-quality cohort study or case-control
study. In the scoring results, All case-control studies meet
the requirements of “Adequate definition of cases,”
“Representativeness of the cases,” The conditions of
“ascent of exposure,” and “same method of ascent for cases
and controls” are not met by some cohort studies. Please
refer to Table 2 for a detailed quality evaluation of the
cohort studies. Please refer to Table 3 for a detailed quality
evaluation of the case-control studies.

Meta-analysis results

Prevalence of asymptomatic bacteriuria in patients
with type 2 diabetes mellitus

A meta-analysis identified 910 patients with T2DM com-
plicated with ASB and 3494 patients without asymptomatic
bacteriuria. The incidence of ASB in T2DM was 23.7%
(P < 0.001) Fig. 2.

Risk factors of asymptomatic bacteriuria in type 2
diabetes mellitus

A meta-analysis showed that age, female sex, duration of
diabetes, HbA1c, hypertension, hyperlipidemia, neuro-
pathy, and proteinuria were risk factors for asymptomatic
bacteriuria in patients with T2DM.

Age

The 14 articles [14–27] included age-related data. Among
them, 13 documents [15–27] showed that the patients with
ASB were older than those in the control group, and one
article [14] showed that the control group was older than the
ASB group. Because of heterogeneity, the random effects
model showed that older patients with T2DM were more
likely to get asymptomatic bacteriuria (WMD= 3.18, 95% CI
[1.91, 4.45], I2= 75.5%, P < 0.001) Fig. 3. Because of the
high heterogeneity of the studies, we conducted a sensitivity
test and subgroup analysis (divided into foreigners and Chi-
nese people). The sensitivity test showed that the results were
stable, and the heterogeneity of the subgroup analysis did not
change significantly (Fig. 4). These results may be attributed to
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significant ethnic differences between the populations of all the
articles, resulting in high heterogeneity. The funnel diagram
was roughly symmetrical, showing no publication bias in the
included literature (Fig. 5).

Female sex

There were four articles [16, 18, 24, 25] that included
female sex as a variable. The probability of ASB in female
patients with T2DM in four studies was higher than that in
male patients. A random effects model was used to analyze
heterogeneity. The results showed that the female sex was a
risk factor for ASB in patients with T2DM (OR= 1.07,
95% CI [1.02, 1.12], I2= 79.3%, P= 0.002) (Fig. 6).
Owing to the small number of articles, subgroup analysis
was not performed. Among them, the article by Congqing
Miao [25] may be the source of heterogeneity.

Duration of type 2 diabetes mellitus

The included 14 articles [14–27] included diabetes disease
duration as a variable. Only one article [14] showed that a

prolonged illness time negatively correlated with ASB in
patients with T2DM. Because of heterogeneity, a random
effects model was used. The results showed that a pro-
longed illness duration was a risk factor for ASB
(WMD= 2.54, 95% CI [1.53, 5.43], I2= 80.7%, P < 0.001)
Fig. 7A. We conducted a sensitivity analysis and found that
the results were robust for this study. The results of sub-
group analysis (China and foreign countries) showed that
the heterogeneity of Chinese studies was small (WMD=
3.44, 95% CI [1.68, 5.20] I2= 84%, P < 0.001), and the
primary source of heterogeneity was foreign articles
(WMD= 2.50, 95%CI [1.51, 3.49] I2= 12.4%, P < 0.001)
Fig. 7B. The funnel diagram was roughly symmetrical,
indicating no publication bias (Fig. 8).

HbA1c

A total of 12 articles [14–18, 21–25, 27] mentioned HbA1c
levels. One study showed that HbA1c levels were nega-
tively correlated with ASB levels in patients with T2DM. A
total of 805 patients with T2DM complicated by ASB and
2,867 patients without ASB were included. Because of the

Fig. 1 Flow diagram of search
and selection of studies
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heterogeneity, the random-effect model was selected. The
results showed that HbA1c was a risk factor for ASB in
T2DM (WMD= 0.63, 95% CI [0.43, 0.84], I2= 62.6%,
P < 0.001) (Fig. 9). We conducted a sensitivity analysis, and
the results were relatively stable (Fig. 10). The funnel dia-
gram was roughly symmetrical, indicating no publication
bias Fig. 11.

Body Mass Index (BMI)

Eight articles [16–19, 21–23, 26] mentioned BMI. Among
them, four articles [16–19] reported a positive correlation of
BMI with ASB, and four articles [21–23, 26] reported that
BMI was negatively correlated with ASB. A total of 504
patients with ASB and 1943 patients without ASB were
included. Because of the heterogeneity, the random-effect
model was selected. A meta-analysis of random effects
showed that BMI was not a risk factor for ASB in patients
with T2DM (WMD= 0.52, 95%CI [-0.59, 1.64],
I2= 84.9%, P= 0.359) (Fig. 12).

Glomerular filtration rate

Two articles [14, 19] reported data on the glomerular fil-
tration rate. The two articles reported different conclusions
regarding whether the glomerular filtration rate is a risk
factor for ASB. Meta-analysis of random effects showed
that the glomerular filtration rate was not a risk factor for
ASB in patients with T2DM (WMD=−2.41, 95%CI
[−21.29, 16.48], I2= 75.3%, P= 0.803) (Fig. 13).

Type 2 diabetes mellitus complicated with other diseases

Type 2 diabetes mellitus complicated with hyperten-
sion Five articles [17, 21–23, 26] mentioned cases of
diabetes complicated with hypertension, and five articles
[17, 21–23, 26] reported that hypertension was positively
associated with the incidence of ASB. Because of the small
heterogeneity, the fixed model was selected for meta-
analysis. It was concluded that hypertension alongside
T2DM was a risk factor for ASB (OR= 1.59, 95% CI
[1.24, 2.04], I2= 0%, P < 0.001) (Fig. 14).

Type 2 diabetes mellitus complicated with hyperlipide-
mia Four articles [21–23, 26] mentioned the situation of
diabetes complicated by hyperlipidemia, and all four articles
[21–23, 26] thought that hyperlipidemia was positively
related to the incidence of ASB. Because of the small het-
erogeneity, a fixed model was selected for meta-analysis,
and it was concluded that patients with hyperlipidemia at
the same time were the risk factors for obtaining ASB
(OR= 1.66, 95% CI [1.27, 2.18], I2= 0%, P < 0.001)
(Fig. 15).Ta
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Type 2 diabetes mellitus complicated with neuropathy -
Four articles [21–23, 26] mentioned diabetes complicated with
neuropathy, and patients with neuropathy in four articles
[21–23, 26] were reportedly more likely to develop ASB.
Because of the small heterogeneity, a fixed model was selected
for meta-analysis, and it was concluded that diabetes compli-
cated with neuropathy was a risk factor for ASB (OR= 1.81,
95% CI [1.38, 2.37], I2= 0%, P < 0.001) (Fig. 16).

Albuminuria

Four articles [16–18, 20] mentioned proteinuria, and all four
articles [16–18, 20] suggested that patients with proteinuria
were more likely to suffer from ASB. A meta-analysis with
a random model showed that proteinuria was one of the risk
factors for ASB (OR= 3.00, 95% CI [1.82, 4.95],
I2= 62.7%, P < 0.001) (Fig. 17).

Discussion

Incidence of asymptomatic bacteriuria

Fourteen studies included in this meta-analysis showed
that the incidence of ASB in patients with T2DM was
23.7%, higher than that reported by Guide [11] and
Zhanel [28]. This may be because previous research data
were obtained before 1991. With the development of
medical care and society, the detection rate may increase
because of the development of science and technology
[29]. In most of the studies from developing countries,
due to the low level of health development, patients’ own
management efforts, and insufficient awareness of disin-
fection and cleanliness, the incidence increased. Changes
in the global demographic structure may also be one of the
reasons for the increase in the prevalence rate [30]. The
specific reasons for the rising prevalence rates require
further investigation.

Correlation between asymptomatic bacteriuria and
patients’ personal characteristics (age, female
gender, BMI)

Age was a risk factor for ASB. The decline in self-function
in such patients, coupled with diabetes, leads to an imbal-
ance in the internal environment of patients [31]. The
metabolism of sugar, fat, and protein in the human body
affects the immune system of the human body [32]. The
human body’s ability to fight pathogens decreases, the
patient’s urethral mucosal defense barrier function decrea-
ses, and pathogens are more likely to invade, increasing the
risk of ASB infection [13, 33]. The urethra of women is
short, close to the anus, and the colonization rate ofTa
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pathogens around the urethra is high. The glycogen content
of vaginal epithelium decreases due to diabetes, the pH
value increases, the ecological environment of vaginal lactic
acid bacteria is destroyed, the flora is unbalanced, and it is
easily infected. Some female patients were menopausal.
Degenerative changes in the urethral mucosa in such
patients lead to an increase in the incidence of ASB
[34, 35]. Estrogen is a protective factor against urinary tract
infection in females, which can increase the gene expression
of proteins and antimicrobial peptides and reduce the bac-
terial titer in cells. However, the incidence of ASB increases
with the decrease of estrogen in menopausal women
[36, 37]. In this study, it was not proven that BMI is a risk
factor for asymptomatic bacteriuria in patients with type 2
diabetes mellitus, and differences in race and measurement
tools may have affected the analysis. However, BMI may be
a risk factor for ASB because patients with higher BMI
have more body fat and higher plasma osmotic pressure,
which leads to lower phagocytosis of pathogenic bacteria by
white blood cells [38]. Simultaneously, the immune-
regulated pro-inflammatory cytokines involved in obesity
can also lead to systemic inflammation, thus reducing
patients’ immunity and increasing the probability of bac-
terial infection. An increase in BMI causes insulin

resistance and increases the incidence of infection in T2DM
[39].

For patients with these characteristics, clinicians should
observe the symptoms related to urine and the urinary
system. For female patients with T2DM, awareness of self-
cleaning should be widely popularized, and behaviors such
as urination immediately after sexual activity, changing and
cleaning underwear on time, improving immunity, and
using immune enhancers appropriately, should be
encouraged.

Correlation between asymptomatic bacteriuria and
patients’ diseases (course of disease, HbA1c,
glomerular filtration rate, proteinuria)

The course of the disease and HbA1c are risk factors for
ASB in patients with T2DM. Studies have shown that the
possibility of ASB infection increases by 1.9 times every 10
years in patients with diabetes [40]. Long-term abnormal
blood sugar levels lead to increased osmotic pressure in
body fluids, disordered metabolism of immune cells, and
decreased chemotaxis, phagocytosis, and bactericidal abil-
ity. Owing to the accumulation of advanced glycation end
products (AGEs) in the urinary tract mucosa, there is an

Fig. 2 Incidence of ASB in T2DM
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endogenous “invisible injury” in the mucosa without
destruction, and the mucosal barrier and protection are
weakened, causing ASB [41]. HbA1c is a biological index
for detecting diabetes, which can reflect patients’ blood
sugar control and insulin resistance in the past three months
[42]. Because patients in developing countries do not fully
understand and manage their disease, a high glucose state
can damage B lymphocytes, which are stimulated by

antigens to produce antibodies, mediate humoral immunity,
and change the IgG level in patients with diabetes. The IgG
levels of patients were high in the reported studies. IgG is an
immunoglobulin secreted by plasma cells in the bladder and
urethral walls. Can make a smooth colony change into a
rough colony and increase the incidence of ASB [43, 44].

Diabetic nephropathy (DN) is one of the leading causes
of end-stage renal disease worldwide [45]. Glomerular

Fig. 3 Meta-analysis of age as a risk factor of ASB

Fig. 4 Sensitivity analysis of the
meta-analysis of age as a risk
factor for ASB
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filtration rate was used to evaluate renal function [46].
Patients with diabetes and caregivers often pay attention
only to changes in blood sugar levels. Irreversible damage
often occurs when patients observe their urine changes
(foam urine) and edema of both lower limbs. In addition,
urinary microalbumin, a small molecular weight protein,
cannot pass through the glomerular filtration membrane.
Due to hyperglycemia, protein glycosylation of the

glomerular basement membrane increases the protein fil-
tration volume, and the glomerulus cannot completely
reabsorb it, eventually leading to urinary excretion and
proteinuria [47, 48]. Because many immunoglobulins are
lost from urine, low plasma albumin affects antibody for-
mation, and abnormal metabolism in patients with diabetes
increases the possibility of infection in proteinuria patients
[49–51]. Studies have shown that patients with diabetes

Fig. 5 Funnel plots of the meta-
analysis of age as a risk factor
for ASB

Fig. 6 Meta-analysis of female gender as a risk factor of ASB
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Fig. 7 Meta-analysis (included subgroup analysis) of the duration of T2DM as a risk factor of ASB. A The results of meta-analysis (all articles
included) of the duration of T2DM as a risk factor of ASB. B The results of subgroup analysis (subgroups are classified for China or foreign
countries according to the countries where the articles have been published) of duration of T2DM as a risk factor of ASB
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complicated with proteinuria have an increased possibility
of kidney injury [51]. This study failed to verify whether the
glomerular filtration rate is a risk factor for ASB in patients
with T2DM, which may be associated with the small
number of original documents included in this index.

For patients with diabetes, symptom management is
critical so that patients’ blood sugar can reach an ideal level,

effectively preventing the emergence of acute and chronic
complications of diabetes. The management of DN is not
limited to drugs and other treatments; lifestyle interventions
are also important measures to promote health. Healthy
eating habits, weight control, proper exercise, smoking
cessation, and good sleep habits can effectively delay the
progression of kidney disease in patients with diabetes.

Fig. 8 Funnel plots of the meta-
analysis of duration of T2DM as
a risk factor for ASB

Fig. 9 Meta-analysis of HbA1c as a risk factor of ASB
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Correlation between asymptomatic bacteriuria and
patients complicated with diseases (hypertension,
hyperlipidemia, neuropathy)

The inflammatory corpuscles endothelin-1, angiotensin-2,
and aldosterone are activated in patients with diabetes mel-
litus complicated by hypertension. NLRP3 (NOD [nucleotide
oligomerization domain]-like receptor family pyrin domain
containing 3) activation and inflammasome assembly is
triggered through either ATP-induced K+ efflux or genera-
tion of reactive oxygen species, which are considered clas-
sical activators of the NLRP3 inflammasome during
hypertension [52]. Asymptomatic bacteriuria may be caused

by the activation of inflammatory corpuscles by active oxi-
dants in patients. Adiponectin content in hyperlipidemic
patients is high during metabolism. Adiponectin directly acts
on the vascular endothelium and participates in energy
metabolism and inflammation [53, 54]. There was a negative
correlation between adiponectin and blood lipid levels. Some
studies have reported that adiponectin deficiency is one of the
factors leading to inflammation [55–57]. In patients with type
2 diabetes and autonomic neuropathy, complete bladder
emptying does not occur, resulting in residual urine. The
overgrowth of bacteria in some lesions can explain the
occurrence of ASB [58]. Caregivers should protect patients
from multiple comorbidities from multiple directions, carry

Fig. 10 Sensitivity analysis of
the meta-analysis of Hb1Ac as a
risk factor for ASB

Fig. 11 Funnel plots of the meta-
analysis of HbA1c as a risk
factor for ASB
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out health education to improve patients’ diet and lifestyle,
provide personalized psychological knowledge and beha-
vioral guidance, and mobilize patients’ behavioral

enthusiasm. Timely symptom evaluation and management of
related diseases can delay their development, thus reducing
the incidence of ASB in patients with T2DM.

Fig. 12 Meta-analysis of BMI as a risk factor of ASB

Fig. 13 Meta-analysis of eGFR as a risk factor of ASB
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Fig. 14 Meta-analysis of hypertension as a risk factor of ASB

Fig. 15 Meta-analysis of Hyperlipidemia as a risk factor of ASB
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Limitations of the study

Cross-sectional studies on related topics were not included
in this study, resulting in a small number of documents

eventually being included; most of the people included in
the studies were from developing countries. Therefore, the
final meta-analysis results only represent the main risk
factors for ASB in some patients with T2DM, and there

Fig. 16 Meta-analysis of Neuropathy as a risk factor of ASB

Fig. 17 Meta-analysis of proteinuria as a risk factor of ASB
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may be some bias. Due to the differences in the character-
istics of research objects, the number of samples, and the
methods and instruments used to determine related indica-
tors among different studies, the results of the meta-analysis
are relatively heterogeneous. The exact reasons behind the
reduced heterogeneity of results remain unclear. Therefore,
it is suggested that more high-quality, multi-center, and
large-sample original research should be conducted in the
relevant direction to provide more targeted measures and
generate more scientific evidence-based recommendations
for patients with T2DM.

Summary

There is no evidence that ASB treatment can reduce the
incidence of UTI. Therefore, it is vital to pursue prevention
as the primary strategy in patients with T2DM [58]. This
study shows that age, female sex, duration of diabetes,
HbA1c, hypertension, hyperlipidemia, neuropathy, and
proteinuria are risk factors for ASB in type 2 diabetes;
however, the source of heterogeneity of the results needs
further investigation, and more relevant original research
support is required in the future.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12020-023-03469-6.

Author contributions M.D. and S.H.: conceptualization and metho-
dology. M.D.: data curation and analysis and original writing. S.H. and
H.C.: review and editing. J.Y., D.G., and W.L.: data curation and
validation. All authors have made substantive contributions to this
study in regard to design and implementation, read, and approved the
final manuscript.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Abbreviations
T2DM type 2 diabetes mellitus
ASB asymptomatic bacteriuria
UTI urinary tract infection
NOS Newcastle Ottawa Scale

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless

indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. A.D. Association, Classification and diagnosis of diabetes: stan-
dards of medical care in diabetes—2021. Diabetes Care 44(Sup-
plement_1), S15–S33 (2020). https://doi.org/10.2337/dc21-S002

2. A.D. Association, Diagnosis and classification of diabetes melli-
tus. Diabetes Care 37(Supplement_1), S81–S90 (2013). https://
doi.org/10.2337/dc14-S081

3. J.B. Cole, J.C. Florez, Genetics of diabetes mellitus and diabetes
complications. Nat. Rev. Nephrol. 16(Jul), 377–390 (2020).
https://doi.org/10.1038/s41581-020-0278-5

4. IDF Diabetes Atlas 2021. Available at: https://diabetesatlas.org/a
tlas/tenth-edition/

5. J. Casqueiro, J. Casqueiro, C. Alves, Infections in patients with
diabetes mellitus: a review of pathogenesis. Indian J. Endocrinol.
Metab. 16(Suppl1):S27–S36 (2012) https://doi.org/10.4103/2230-
8210.94253

6. I.M. Carey, J.A. Critchley, S. DeWilde, T. Harris, F.J. Hosking,
D.G. Cook, Risk of infection in type 1 and type 2 diabetes
compared with the general population: a matched cohort study.
Diabetes Care 41(Mar), 513–521 (2018). https://doi.org/10.2337/
dc17-2131

7. S.E. Geerlings, Urinary tract infections in patients with diabetes
mellitus: epidemiology, pathogenesis and treatment. Int. J. Anti-
microb. Agents 31(Suppl 1), S54–S57 (2008). https://doi.org/10.
1016/j.ijantimicag.2007.07.042

8. K.G. Naber, J. Tirán-Saucedo, F.M.E. Wagenlehner, Psychosocial
burden of recurrent uncomplicated urinary tract infections. GMS
Infect. Dis. 10, Doc01 (2022). https://doi.org/10.3205/id000078

9. R. Raz, Asymptomatic bacteriuria. Clinical significance and
management. Int. J. Antimicrob. Agents 22, 45–47 (2003). https://
doi.org/10.1016/s0924-8579(03)00248-6

10. LindsayE. Nicolle et al. Clinical practice guideline for the man-
agement of asymptomatic bacteriuria: 2019 update by the Infec-
tious Diseases Society of America. Clin. Infect. Dis. 68(10),
e83–e110 (2019). https://doi.org/10.1093/cid/ciy1121

11. L.E. Nicolle, K. Gupta, S.F. Bradley et al. Clinical Practice
Guideline for the Management of Asymptomatic Bacteriuria:
2019 Update by the Infectious Diseases Society of America. Clin.
Infect. Dis. 68(May), e83–e110 (2019). https://doi.org/10.1093/
cid/ciy1121

12. T. Zhenzhen, T. Faqiang, J. Xuejin, Q. Bin, Analysis of urinary
tract pathogens in asymptomatic bacteriuria patients. Lab. Med.
Clin. 16(3), 421–423 (2019)

13. L.E. Nicolle, Asymptomatic bacteriuria and bacterial interference.
Microbiol Spectr. 3(Oct), (2015) https://doi.org/10.1128/
microbiolspec.UTI-0001-2012

14. M. Bonadio, E. Boldrini, G. Forotti et al. Asymptomatic bacter-
iuria in women with diabetes: influence of metabolic control. Clin.
Infect. Dis. 38(Mar), e41–e45 (2004). https://doi.org/10.1086/
381755

15. H. Al-Musa, Asymptomatic bacteriuria among type 2 diabetic
females. Bahrain Med. Bull. 38, 82–85 (2016). https://doi.org/10.
12816/0047594

16. A. Ishay, I. Lavi, R. Luboshitzky, Prevalence and risk factors for
asymptomatic bacteriuria in women with Type 2 diabetes mellitus.
Diabet. Med. 23(Feb), 185–188 (2006). https://doi.org/10.1111/j.
1464-5491.2005.01758.x

Endocrine (2023) 82:263–281 279

https://doi.org/10.1007/s12020-023-03469-6
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2337/dc21-S002
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.1038/s41581-020-0278-5
https://diabetesatlas.org/atlas/tenth-edition/
https://diabetesatlas.org/atlas/tenth-edition/
https://doi.org/10.4103/2230-8210.94253
https://doi.org/10.4103/2230-8210.94253
https://doi.org/10.2337/dc17-2131
https://doi.org/10.2337/dc17-2131
https://doi.org/10.1016/j.ijantimicag.2007.07.042
https://doi.org/10.1016/j.ijantimicag.2007.07.042
https://doi.org/10.3205/id000078
https://doi.org/10.1016/s0924-8579(03)00248-6
https://doi.org/10.1016/s0924-8579(03)00248-6
https://doi.org/10.1093/cid/ciy1121
https://doi.org/10.1093/cid/ciy1121
https://doi.org/10.1093/cid/ciy1121
https://doi.org/10.1128/microbiolspec.UTI-0001-2012
https://doi.org/10.1128/microbiolspec.UTI-0001-2012
https://doi.org/10.1086/381755
https://doi.org/10.1086/381755
https://doi.org/10.12816/0047594
https://doi.org/10.12816/0047594
https://doi.org/10.1111/j.1464-5491.2005.01758.x
https://doi.org/10.1111/j.1464-5491.2005.01758.x


17. B.A. Laway, T. Nabi, M.H. Bhat, B.A. Fomda, Prevalence,
clinical profile and follow up of asymptomatic bacteriuria in
patients with type 2 diabetes-prospective case control study in
Srinagar, India. Diabetes Metab. Syndr. 15(Jan–Feb), 455–459
(2021). https://doi.org/10.1016/j.dsx.2020.12.043

18. G. Matthiopoulou, P. Ioannou, A. Mathioudaki et al. Asympto-
matic bacteriuria in patients with type 2 diabetes mellitus. Infect.
Dis. Rep. 15(Jan), 43–54 (2023). https://doi.org/10.3390/
idr15010005

19. H. Turan, K. Serefhanoglu, A.N. Torun et al. Frequency, risk
factors, and responsible pathogenic microorganisms of asympto-
matic bacteriuria in patients with type 2 diabetes mellitus. Jpn J.
Infect. Dis. 61(May), 236–238 (2008). https://doi.org/10.7883/
yoken.jjid.2008.236

20. S.M.J. Zaidi, M. Kaneez, T. Almas et al. Gauging the risk factors
for asymptomatic bacteriuria in type-2 diabetic women: a case-
control study. Cureus 12(Jul), e9069 (2020). https://doi.org/10.
7759/cureus.9069

21. Z. Yunxian, Z. Yuhua, Z. Lu, W. Qin, Clinical study on asymp-
tomatic bacteriuria in adult female patients with type 2 diabetes
mellitus. J. Hainan Med. Univ. (6):384–386 (2004) https://doi.org/
10.3969/j.issn.1007-1237.2004.06.006

22. C. Mingwei, C. Youmin, Changjiang W., et al. Clinical analysis of
asymptomatic bacteriuria in female patients with type 2 diabetes
mellitus. Clin. Focus. (24):1397–1399 (2003) https://doi.org/10.
3969/j.issn.1004-583X.2003.24.006

23. H. Dongjuan, Clinical analysis of type 2 diabetes mellitus com-
plicated with asymptomatic bacteriuria in adult women. Zhejiang
Clin. Med. (6):820–821 (2007) https://doi.org/10.3969/j.issn.
1008-7664.2007.06.084

24. K. Cenxiao, S. Xiaofei, M. Jianhua, L. Huiqin, Clinical observa-
tion and risk factors analysis of asymptomatic bacteriuria in
elderly patients with type 2 diabetes mellitus. Chin. J. Diabetes
24(08), 726–728 (2016). https://doi.org/10.3969/j.issn.1006-6187.
2016.08.014

25. M. Congqing, M. Xinlong, F. Aijuan, C. Yingzi, D. Peng, Influ-
encing factors of asymptomatic urinary tract infection in type 2
diabetes mellitus. Chin. J. Clin. (Electron. Ed.). 7(15), 7197–7198
(2013). https://doi.org/10.3969/cma.j.issn.1674-0785.2013.15.099

26. Y. Mianrong Fenying. Clinical characteristics and prevention of
asymptomatic bacteriuria in female patients with type 2 diabetes
mellitus. Chin. J. Rehabili. Theory Pract. (2), 67–68 (2005)
https://doi.org/10.3969/j.issn.1006-9771.2005.02.027

27. Z. Yiwen, S. Zhenwei, Prevalence and risk factors of asympto-
matic bacteriuria in adults with type 2 diabetes mellitus. J. Mod.
Lab. Med. 27(5), 25–28 (2012) https://doi.org/10.3969/j.issn.
1671-7414.2012.05.009

28. G.G. Zhanel, G.K. Harding, L.E. Nicolle, Asymptomatic bacter-
iuria in patients with diabetes mellitus. Rev. Infect. Dis.
13(Jan–Feb), 150–154 (1991). https://doi.org/10.1093/clinids/12.
5.150

29. L. Zhang, B. Wang, G. Yin et al. Rapid fluorescence sensor
guided detection of urinary tract bacterial infections. Int. J.
Nanomed. 17, 3723–3733 (2022). https://doi.org/10.2147/IJN.
S377575

30. S.E. Geerlings, Clinical presentations and epidemiology of urinary
tract infections. Microbiol. Spectr. 4(Oct), (2016) https://doi.org/
10.1128/microbiolspec.UTI-0002-2012

31. A. Kautzky-Willer, J. Harreiter, G. Pacini, Sex and gender dif-
ferences in risk, pathophysiology and complications of type 2
diabetes mellitus. Endocr. Rev. 37(Jun), 278–316 (2016). https://
doi.org/10.1210/er.2015-1137

32. X. Liu, P. Zhang, Y. Zhang et al. Glycolipid iGb3 feedback
amplifies innate immune responses via CD1d reverse signaling.
Cell Res. 29(Jan), 42–53 (2019). https://doi.org/10.1038/s41422-
018-0122-7

33. G.J. Christ, W. Bushman, M.O. Fraser, Impact of diabetes and
obesity on the prostate and urethra: implications to improved
bladder dysfunction understanding and treatment. J. Urol.
182(Suppl), S38–S44 (2009). https://doi.org/10.1016/j.juro.2009.
07.085

34. S. Dalal, L. Nicolle, C.F. Marrs, L. Zhang, G. Harding, B. Fox-
man, Long-term Escherichia coli asymptomatic bacteriuria among
women with diabetes mellitus. Clin. Infect. Dis. 49(Aug),
491–497 (2009). https://doi.org/10.1086/600883

35. J.A. Ashton-Miller, J.O. DeLancey, Functional anatomy of the
female pelvic floor. Ann. N.Y. Acad. Sci. 1101(Apr), 266–296
(2007). https://doi.org/10.1196/annals.1389.034

36. P.D. Olson, K.A. Hruska, D.A. Hunstad, Androgens enhance male
urinary tract infection severity in a new model. J. Am. Soc.
Nephrol. 27(Jun), 1625–1634 (2016). https://doi.org/10.1681/
ASN.2015030327

37. K.O. Tamadonfar, N.S. Omattage, C.N. Spaulding, S.J. Hultgren,
Reaching the end of the line: urinary tract infections. Microbiol.
Spectr. 7(May), (2019) https://doi.org/10.1128/microbiolspec.
BAI-0014-2019

38. H. Alhabeeb, S. Baradwan, H. Kord-Varkaneh et al. Association
between body mass index and urinary tract infection: a systematic
review and meta-analysis of observational cohort studies. Eat.
Weight Disord. 26(Oct), 2117–2125 (2021). https://doi.org/10.
1007/s40519-020-01101-4

39. D.W. Haslam, W.P. James, Obesity. Lancet 366(9492),
1197–1209 (2005). https://doi.org/10.1016/S0140-6736(05)
67483-1

40. A.L. Bahl, R.N. Chugh, K.B. Sharma, Asymptomatic bacteriuria
in diabetics attending a diabetic clinic. Indian J. Med. Sci. 24(Jan),
1–6 (1970)

41. L.M. Muller, K.J. Gorter, E. Hak et al. Increased risk of common
infections in patients with type 1 and type 2 diabetes mellitus.
Clin. Infect. Dis. 41(Aug), 281–288 (2005). https://doi.org/10.
1086/431587

42. C. Weykamp, HbA1c: a review of analytical and clinical aspects.
Ann. Lab. Med. 33(Nov), 393–400 (2013). https://doi.org/10.
3343/alm.2013.33.6.393

43. Z.A. Yaseen Al-Khayat, N.E. Waheda, N.F. Shaker, The pre-
valence of positive serum anticardiolipin antibodies and asymp-
tomatic bacteriuria in women with recurrent abortions. Eurasia. J.
Med. 45(Feb), 39–42 (2013). https://doi.org/10.5152/eajm.2013.
06

44. H. Sharbatdaralaei, M.R. Asadi Karam, K. Ahmadi, M. Habibi,
Bioinformatics analyses for the designation of a hybrid protein
against urinary tract infections caused by Pseudomonas aerugi-
nosa and investigation of the presence of pre-existing antibodies in
infected humans. J. Biomol. Struct. Dyn. 40(19), 9081–9095
(2022). https://doi.org/10.1080/07391102.2021.1924264

45. C. Qi, X. Mao, Z. Zhang, H. Wu, Classification and differential
diagnosis of diabetic nephropathy. J. Diabetes Res. 2017,
8637138 (2017)

46. A. Orieux, A. Bouchet, A. Doreille et al. Predictive factors of
glomerular filtration rate loss associated with living kidney
donation: a single-center retrospective study. World J. Urol.
40(Sep), 2161–2168 (2022). https://doi.org/10.1007/s00345-022-
04019-x

47. L. Yang, Diagnostic value of urine glucose, urinary microalbumin,
retinol binding protein and serum cystatin C in patients with early
diabetic renal injury. Med. J. Chin. People’s Health 30(04),
111–126 (2018). https://doi.org/10.3969/j.issn.1672-0369.2018.
04.054.

48. Z. Jiale, S. Weiwei, Zhezhe et al. Distribution and influencing
factors of estimated glomerular filtration rate in 1480 patients with
type 2 diabetes mellitus %J World. J. Integr. Tradit. West. Med.

280 Endocrine (2023) 82:263–281

https://doi.org/10.1016/j.dsx.2020.12.043
https://doi.org/10.3390/idr15010005
https://doi.org/10.3390/idr15010005
https://doi.org/10.7883/yoken.jjid.2008.236
https://doi.org/10.7883/yoken.jjid.2008.236
https://doi.org/10.7759/cureus.9069
https://doi.org/10.7759/cureus.9069
https://doi.org/10.3969/j.issn.1007-1237.2004.06.006
https://doi.org/10.3969/j.issn.1007-1237.2004.06.006
https://doi.org/10.3969/j.issn.1004-583X.2003.24.006
https://doi.org/10.3969/j.issn.1004-583X.2003.24.006
https://doi.org/10.3969/j.issn.1008-7664.2007.06.084
https://doi.org/10.3969/j.issn.1008-7664.2007.06.084
https://doi.org/10.3969/j.issn.1006-6187.2016.08.014
https://doi.org/10.3969/j.issn.1006-6187.2016.08.014
https://doi.org/10.3969/cma.j.issn.1674-0785.2013.15.099
https://doi.org/10.3969/j.issn.1006-9771.2005.02.027
https://doi.org/10.3969/j.issn.1671-7414.2012.05.009
https://doi.org/10.3969/j.issn.1671-7414.2012.05.009
https://doi.org/10.1093/clinids/12.5.150
https://doi.org/10.1093/clinids/12.5.150
https://doi.org/10.2147/IJN.S377575
https://doi.org/10.2147/IJN.S377575
https://doi.org/10.1128/microbiolspec.UTI-0002-2012
https://doi.org/10.1128/microbiolspec.UTI-0002-2012
https://doi.org/10.1210/er.2015-1137
https://doi.org/10.1210/er.2015-1137
https://doi.org/10.1038/s41422-018-0122-7
https://doi.org/10.1038/s41422-018-0122-7
https://doi.org/10.1016/j.juro.2009.07.085
https://doi.org/10.1016/j.juro.2009.07.085
https://doi.org/10.1086/600883
https://doi.org/10.1196/annals.1389.034
https://doi.org/10.1681/ASN.2015030327
https://doi.org/10.1681/ASN.2015030327
https://doi.org/10.1128/microbiolspec.BAI-0014-2019
https://doi.org/10.1128/microbiolspec.BAI-0014-2019
https://doi.org/10.1007/s40519-020-01101-4
https://doi.org/10.1007/s40519-020-01101-4
https://doi.org/10.1016/S0140-6736(05)67483-1
https://doi.org/10.1016/S0140-6736(05)67483-1
https://doi.org/10.1086/431587
https://doi.org/10.1086/431587
https://doi.org/10.3343/alm.2013.33.6.393
https://doi.org/10.3343/alm.2013.33.6.393
https://doi.org/10.5152/eajm.2013.06
https://doi.org/10.5152/eajm.2013.06
https://doi.org/10.1080/07391102.2021.1924264
https://doi.org/10.1007/s00345-022-04019-x
https://doi.org/10.1007/s00345-022-04019-x
https://doi.org/10.3969/j.issn.1672-0369.2018.04.054.
https://doi.org/10.3969/j.issn.1672-0369.2018.04.054.


18(01), 142–147+152 (2023). https://doi.org/10.13935/j.cnki.
sjzx.230124

49. M.T. Bayram, D. Alaygut, Y. Oztürk et al. Asymptomatic pro-
teinuria in a child with recurrent urinary tract infections-questions.
Pediatr. Nephrol. 27(May), 761–762 (2012). https://doi.org/10.
1007/s00467-011-1986-7. 763-764

50. J. Karalliedde, G. Viberti, Proteinuria in diabetes: bystander or
pathway to cardiorenal disease? J. Am. Soc. Nephrol. 21(Dec),
2020–2027 (2010). https://doi.org/10.1681/ASN.2010030250

51. S.N. Heyman, I. Raz, J.P. Dwyer, R. Weinberg Sibony, J.B.
Lewis, Z. Abassi, Diabetic proteinuria revisited: updated physio-
logic perspectives. Cells 11(Sep), (2022) https://doi.org/10.3390/
cells11182917

52. M.S. Madhur, F. Elijovich, M.R. Alexander et al. Hypertension:
do inflammation and immunity hold the key to solving this epi-
demic? Circ. Res. 128(Apr), 908–933 (2021). https://doi.org/10.
1161/CIRCRESAHA.121.318052

53. M.T. Villarreal-Molina, B. Antuna-Puente, Adiponectin: anti-
inflammatory and cardioprotective effects. Biochimie 94(Oct),
2143–2149 (2012). https://doi.org/10.1016/j.biochi.2012.06.030

54. Y. Arita, S. Kihara, N. Ouchi et al. Paradoxical decrease of an
adipose-specific protein, adiponectin, in obesity. Biochem.

Biophys. Res. Commun. 257(Apr), 79–83 (1999). https://doi.org/
10.1006/bbrc.1999.0255

55. T. Kadowaki, T. Yamauchi, N. Kubota, K. Hara, K. Ueki, K.
Tobe, Adiponectin and adiponectin receptors in insulin resistance,
diabetes, and the metabolic syndrome. J. Clin. Invest. 116(Jul),
1784–1792 (2006). https://doi.org/10.1172/JCI29126

56. L. Tian, N. Luo, X. Zhu, B.H. Chung, W.T. Garvey, Y. Fu,
Adiponectin-AdipoR1/2-APPL1 signaling axis suppresses human
foam cell formation: differential ability of AdipoR1 and AdipoR2
to regulate inflammatory cytokine responses. Atherosclerosis
221(Mar), 66–75 (2012). https://doi.org/10.1016/j.atherosclerosis.
2011.12.014

57. K. Hara, M. Horikoshi, T. Yamauchi et al. Measurement of the
high-molecular weight form of adiponectin in plasma is useful for
the prediction of insulin resistance and metabolic syndrome.
Diabetes Care 29(Jun), 1357–1362 (2006). https://doi.org/10.
2337/dc05-1801

58. L.E. Nicolle, S. Bradley, R. Colgan, J.C. Rice, A. Schaeffer, T.M.
Hooton, Infectious Diseases Society of America guidelines for the
diagnosis and treatment of asymptomatic bacteriuria in adults.
Clin. Infect. Dis. 40(Mar), 643–654 (2005). https://doi.org/10.
1086/427507

Endocrine (2023) 82:263–281 281

https://doi.org/10.13935/j.cnki.sjzx.230124
https://doi.org/10.13935/j.cnki.sjzx.230124
https://doi.org/10.1007/s00467-011-1986-7
https://doi.org/10.1007/s00467-011-1986-7
https://doi.org/10.1681/ASN.2010030250
https://doi.org/10.3390/cells11182917
https://doi.org/10.3390/cells11182917
https://doi.org/10.1161/CIRCRESAHA.121.318052
https://doi.org/10.1161/CIRCRESAHA.121.318052
https://doi.org/10.1016/j.biochi.2012.06.030
https://doi.org/10.1006/bbrc.1999.0255
https://doi.org/10.1006/bbrc.1999.0255
https://doi.org/10.1172/JCI29126
https://doi.org/10.1016/j.atherosclerosis.2011.12.014
https://doi.org/10.1016/j.atherosclerosis.2011.12.014
https://doi.org/10.2337/dc05-1801
https://doi.org/10.2337/dc05-1801
https://doi.org/10.1086/427507
https://doi.org/10.1086/427507

	Incidence and risk factors of asymptomatic bacteriuria in patients with type 2 diabetes mellitus: a meta-analysis
	Abstract
	Introduction
	Methods
	Literature search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction and quality assessment
	Statistical analyses

	Result
	Results of literature retrieval
	Study characteristics
	Risk of bias assessment

	Meta-analysis results
	Prevalence of asymptomatic bacteriuria in patients with type 2 diabetes mellitus
	Risk factors of asymptomatic bacteriuria in type 2 diabetes mellitus
	Age
	Female sex
	Duration of type 2 diabetes mellitus
	HbA1c
	Body Mass Index (BMI)
	Glomerular filtration rate
	Type 2 diabetes mellitus complicated with other diseases
	Type 2 diabetes mellitus complicated with hypertension
	Type 2 diabetes mellitus complicated with hyperlipidemia
	Type 2 diabetes mellitus complicated with neuropathy
	Albuminuria

	Discussion
	Incidence of asymptomatic bacteriuria
	Correlation between asymptomatic bacteriuria and patients&#x02019; personal characteristics (age, female gender, BMI)
	Correlation between asymptomatic bacteriuria and patients&#x02019; diseases (course of disease, HbA1c, glomerular filtration rate, proteinuria)
	Correlation between asymptomatic bacteriuria and patients complicated with diseases (hypertension, hyperlipidemia, neuropathy)

	Limitations of the study
	Summary
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




