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Abstract: Urinary tract infections are more common, more severe, and carry worse outcomes
in patients with type 2 diabetes mellitus. They are also more often caused by resistant pathogens.
Various impairments in the immune system, poor metabolic control, and incomplete bladder
emptying due to autonomic neuropathy may all contribute to the enhanced risk of urinary tract
infections in these patients. The new anti-diabetic sodium glucose cotransporter 2 inhibitors
have not been found to significantly increase the risk of symptomatic urinary tract infections.
Symptoms of urinary tract infection are similar to patients without diabetes, though some patients
with diabetic neuropathy may have altered clinical signs. Treatment depends on several fac-
tors, including: presence of symptoms, severity of systemic symptoms, if infection is localized
in the bladder or also involves the kidney, presence of urologic abnormalities, accompanying
metabolic alterations, and renal function. There is no indication to treat diabetic patients with
asymptomatic bacteriuria. Further studies are needed to improve the treatment of patients with
type 2 diabetes and urinary tract infections.
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Introduction

Type 2 diabetes mellitus is a heterogeneous group of disorders characterized by vari-
able degrees of insulin resistance, impaired insulin secretion, and increased glucose
production. Patients with type 2 diabetes mellitus are at increased risk of infections,
with the urinary tract being the most frequent infection site."* Various impairments
in the immune system,>® in addition to poor metabolic control of diabetes,”® and
incomplete bladder emptying due to autonomic neuropathy®'® may all contribute in the
pathogenesis of urinary tract infections (UTI) in diabetic patients. Factors that were
found to enhance the risk for UTT in diabetics include age, metabolic control, and long
term complications, primarily diabetic nephropathy and cystopathy.'!

The spectrum of UTI in these patients ranges from asymptomatic bacteriuria (ASB)
to lower UTI (cystitis), pyelonephritis, and severe urosepsis. Serious complications
of UTI, such as emphysematous cystitis and pyelonephritis, renal abscesses and renal
papillary necrosis, are all encountered more frequently in type 2 diabetes than in the
general population.'>!* Type 2 diabetes is not only a risk factor for community-acquired
UTTI but also for health care-associated UTL, ! catheter-associated UTIL,' and post-renal
transplant-recurrent UTL.'® In addition, these patients are more prone to have resistant
pathogens as the cause of their UTI, including extended-spectrum (3-lactamase-positive
Enterobacteriaceae,'” fluoroquinolone-resistant uropathogens, ' carbapenem-resistant
Enterobacteriaceae,'” and vancomycin-resistant Enterococci.?’ Type 2 diabetes is also
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a risk factor for fungal UTI, mostly caused by Candida.”!
Diabetes is also associated with worse outcomes of UTI,
including longer hospitalizations and increased mortality.

The increased risk of UTI among diabetic patients,
coupled with the increase in the incidence of type 2 diabetes
mellitus worldwide in recent years, may impose a substantial
burden on medical costs.? In addition, the high rates of anti-
biotic prescription, including broad-spectrum antibiotics, for
UTT in these patients may further induce the development of
antibiotic-resistant urinary pathogens.”

In this review, we will focus on the various types of
UTI in this population, their frequency, risk factors, diag-
nosis, prognosis, and when and what treatment should be
administered.

The risk of UTI in type 2

diabetes mellitus

All types of UTI are more frequent in patients with type 2
diabetes. Various studies have reported the overall incidence
of UTI among these patients. An observational study of all
patients with type 2 diabetes in the UK general practice
research database found that the incidence rate of UTI was
46.9 per 1,000 person-years among diabetic patients and
29.9 for patients without diabetes.”* Women with previ-
ously diagnosed diabetes had a higher risk of UTI than
those with recently diagnosed diabetes (within 6 months)
(91.9/1,000 person-years; 95% confidence interval [CI]
84.3-99.4, vs 70.5/1,000 person-years; 95% CI 68.2-72.8).%
A cohort study of over 6,000 patients enrolled in ten clini-
cal trials found an incidence rate of 91.5 per 1,000 person-
years in women and 28 per 1,000 person-years in men, and
a cumulative incidence of 2% during 6 months.” A recent
American study performed on a health service data base
with more than 70,000 patients with type 2 diabetes found
that 8.2% were diagnosed with UTI during 1 year (12.9%
of women and 3.9% of men, with incidence increasing with
age).”2 Another American database study from 2014 found
that a UTI diagnosis was more common in men and women
with diabetes than in those without diabetes (9.4% vs 5.7%,
respectively) among 89,790 matched pairs of patients with
and without type 2 diabetes mellitus.

ASB is more prevalent in women, due to a short urethra
that is in proximity to the warm, moist, vulvar, and perianal
areas that are colonized with enteric bacteria. ASB increases
with age, and is also associated with urinary tract abnormali-
ties or foreign bodies (urethral catheters, stents, etc).2"* Many
studies have reported an increased prevalence of ASB in
diabetic patients, with estimates ranging from 8%-—26%.732%3

A meta- analysis of 22 studies, published in 2011, found a
point prevalence of 12.2% of ASB among diabetic patients
versus 4.5% in healthy control subjects.?! The point preva-
lence of ASB was higher both in women and men, was higher
in patients with a longer duration of diabetes, and was not
associated with glycemic status, as evaluated by glycosylated
hemoglobin A, (HbA, ).’ A recent prospective study of
inpatients at an Indian hospital found a 30% prevalence rate
of ASB among diabetic patients.*?

Pyelonephritis was found to be 4.1 times more frequent
in pre-menopausal diabetic women than in women without
diabetes in a case control study of a Washington State health
group.*® In a Canadian study, diabetic women (type 1 and 2,
identified by receipt of oral hypoglycemic or insulin therapy)
were 6-15 times more frequently hospitalized (depending
upon age group) for acute pyelonephritis than non-diabetic
women, and diabetic men were hospitalized 3.4-17 times
more than non-diabetic men.** A Danish study reported
patients with diabetes mellitus were 3 times more likely to
be hospitalized with pyelonephritis, as compared to subjects
without diabetes.*

In men, risk of acute bacterial prostatitis, prostatic
abscess, progression to chronic prostatitis, and infections fol-
lowing prostatic manipulations, such as trans-rectal prostate
biopsy, is increased in patients with diabetes mellitus.¢

Pathogenesis, risk factors,
and pathogens of UTI in patients
with diabetes

Pathogenesis and risk factors

Multiple potential mechanisms unique to diabetes may
contribute to the increased risk of UTI in diabetic patients.*
Higher glucose concentrations in urine may promote the
growth of pathogenic bacteria.®* However, several studies
did not find an association between HbA | level, which serves
as a proxy for glycosuria, and risk of UTI among diabetic
patients; also, sodium glucose cotransporter 2 inhibitors,
which increase glycosuria, were not found to increase the
rate of UTL.>*° High renal parenchymal glucose levels create
a favorable environment for the growth and multiplication
of microorganisms, which might be one of the precipitating
factors of pyelonephritis and renal complications such as
emphysematous pyelonephritis.’*#! Various impairments in
the immune system, including humoral, cellular, and innate
immunity may contribute in the pathogenesis of UTI in dia-
betic patients.>**? Lower urinary interleukin-6 and -8 levels
were found in patients with diabetes with ASB, compared to
those without diabetes with ASB.*! Autonomic neuropathy
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involving the genitourinary tract results in dysfunctional
voiding and urinary retention, decreasing physical bacterial
clearance through micturition, thereby facilitating bacte-
rial growth.”!%4 Bladder dysfunction occurs in 26%—85% of
diabetic women, depending on age extent of neuropathy and
duration of diabetic disease,* and thus should be considered
in all diabetic patients with UTI.

A paper from Saudi Arabia found the following factors to
be associated with an increased risk of UTI among patients
with diabetes: female sex (relative risk [RR] 6.1), hyperten-
sion (RR 1.2), insulin therapy (RR 1.4), body mass index
(BMI) >30 kg/m? (RR 1.72), and nephropathy (RR 1.42).%
The release of new anti-diabetic sodium glucose cotrans-
porter 2 inhibitors, which increase glycosuria, caused concern
of a possible increase in UTIs,* though a recent meta-analysis
found similar incidences of UTI in patients treated with cana-
gliflozin as compared with control groups.*’ Dapagliflozin
was associated with a slight increase in UTI (4.8% vs 3.7%),
though no increase in pyelonephritis was found.*®

Pathogens

The most common pathogens isolated from urine of diabetic
patients with UTI are Escherichia coli, other Enterobacteriaceae
such as Klebsiella spp., Proteus spp., Enterobacter spp., and
Enterococci.* Patients with diabetes are more prone to have
resistant pathogens as the cause of their UTL including extend-
ed-spectrum B-lactamase-positive Enterobacteriaceae,!”*
fluoroquinolone-resistant uropathogens,'® carbapenem-
resistant Enterobacteriaceae,' and vancomycin-resistant
Enterococci.?” This might be due to several factors, including
multiple courses of antibiotic therapy that are administered
to these patients, frequently for asymptomatic or only mildly
symptomatic UTI, and increased incidence of hospital-
acquired and catheter-associated UTI, which are both associ-
ated with resistant pathogens. Type 2 diabetes is also a risk
factor for fungal UTL?!

Diagnosis

The diagnosis of UTI should be suspected in any diabetic
patient with symptoms consistent with UTI. These symp-
toms are: frequency, urgency, dysuria, and suprapubic pain
for lower UTI; and costovertebral angle pain/tenderness,
fever, and chills, with or without lower urinary tract symp-
toms for upper UTI. Diabetic patients are prone to have a
more severe presentation of UTI,'? though some patients
with diabetic neuropathy may have altered clinical signs.
A recent multi-center study from South Korea of women
with community-acquired acute pyelonephritis found that

significantly fewer of the diabetic patients had flank pain,
costovertebral angle tenderness, and symptoms of lower UTI
as compared to non-diabetic women.’! Patients with type 2
diabetes and UTI might present with hypo- or hyperglycemia,
non-ketotic hyperosmolar state, or even ketoacidosis, all of
which prompt a rapid exclusion of infectious precipitating
factors, including UTL.3%

Once the diagnosis of UTI is suspected, a midstream urine
specimen should be examined for the presence of leukocytes,
as pyuria is present in almost all cases of UTL® Pyuria
can be detected either by microscopic examination (defined
as =10 leukocytes/mm?), or by dipstick leukocyte esterase
test (sensitivity of 75%-96% and specificity of 94%—98%, as
compared with microscopic examination, which is the gold
standard).>* An absence of pyuria on microscopic assessment
can suggest colonization, instead of infection, when there is
bacteriuria.’* Microscopic examination allows for visual-
izing bacteria in urine. A dipstick also tests for the presence
of urinary nitrite. A positive test indicates the presence of
bacteria in urine, while a negative test can be the product of
low count bacteriuria or bacterial species that lack the ability
to reduce nitrate to nitrite (mostly Gram-positive bacteria).>
Microscopic or macroscopic hematuria is sometimes present,
and proteinuria is also a common finding.>

A urine culture should be obtained in all cases of suspected
UTI in diabetic patients, prior to initiation of treatment. The
only exceptions are cases of suspected acute cystitis in diabetic
women who do not have long term complications of diabetes,
including diabetic nephropathy, or any other complicating
urologic abnormality.! However, even in these cases, if empiric
treatment fails or there is recurrence within 1 month of treat-
ment, a culture should be obtained. The preferred method of
obtaining a urine culture is from voided, clean-catch, mid-
stream urine.’®* When such a specimen cannot be collected,
such as in patients with altered sensorium or neurologic/
urologic defects that hamper the ability to void, a culture may
be obtained through a sterile urinary catheter inserted by strict
aseptic technique, or by suprapubic aspiration. In patients with
long-term indwelling catheters, the preferred method of obtain-
ing a urine specimen for culture is replacing the catheter and
collecting a specimen from the freshly placed catheter, due to
formation of biofilm on the catheter.””

The definition of a positive urine culture

The definition of a positive urine culture depends on the pres-
ence of symptoms and the method of urinary specimen collec-
tion, as follows and as depicted in Figure 1. For the diagnosis
of cystitis or pyelonephritis in women, a midstream urine count
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|Presence of symptoms? |

v \
v

Urine culture

2105 cfu/mL of same uropathogen in two
separate clean voided mid-stream urine
specimens

OR

>102 cfu/mL from sterile in-and-out urinary
catheter

\

| Asymptomatic |

Yes <

VR

Urine culture

Mid-stream urine

Women: >10° cfu/mL of uropathogen
Men: >10* cfu/mL of uropathogen

OR
2102 cfu/mL of uropathogen with clear symptoms
and no alternative diagnosis

In-and-out sterile urinary catheter
2102 cfu/mL of uropathogen

Long-term indwelling catheter or intermittent
catheterization

>10° cfu/mL from a new catheter urine specimen
and no alternative diagnosis

Frequency, urgency,
dysuria, or suprapubic pain

Costovertebral angle pain, tenderness, \l/
fever, or chills + lower UTI symptoms

v v

V.

Cystitis

Pyelonephritis/urosepsis

No urinary tract
infection

Figure | Flow chart for the diagnosis of urinary tract infection in patients with type 2 diabetes mellitus.

Abbreviations: cfu, colony-forming units; UTI, urinary tract infection.

=105 cfu/mL is considered diagnostic of UTL.*® However, in
diabetic women with good metabolic control and without long-
term complications who present with acute uncomplicated
cystitis, quantitative counts <103 colony-forming units [cfu]/
mL are isolated from 20%—25% of premenopausal women and
about 10% of postmenopausal women.® Only 5% of patients
with acute pyelonephritis have lower quantitative counts iso-
lated.® Lower bacterial counts are more often encountered in
patients already on antimicrobials and are thought to result
from impaired renal concentrating ability or diuresis, which
limits the dwell time of urine in the bladder.® Thus, in symp-
tomatic women with pyuria and lower midstream urine counts
(=107 cfu/mL), a diagnosis of UTI should be suspected.

For the diagnosis of UTI in men, a midstream urine col-
ony count of =10* cfu/mL is indicative. However, when coli-
form bacteria (eg, E. coli) are isolated, lower colony counts
might also represent significant bacteriuria.®'

From an in-and-out catheter specimen, growth
of =10% cfu/mL, in the presence of urinary symptoms, is diag-
nostic of UTL% In patients with long-term indwelling catheters
or intermittent catheterization, growth of =10 cfu/mL from a
single new catheter urine specimen indicates UTI; in a mid-
stream voided urine specimen from a patient whose urethral,

suprapubic, or condom catheter that has been removed within
the previous 48 hours, and has no other identified source of
infection, similar numbers would also indicate UTL.’

The diagnosis of ASB can be made based on a growth
of =10° cfu/mL of the same uropathogen (up to two patho-
gens) in two consecutive clean voided mid-stream urine
specimens, or =102 cfu/mL in a specimen collected through
a sterile in-and-out urinary catheter, in the absence of signs
or symptoms of urinary infection.®®* As many as 70% of dia-
betic women with ASB have accompanying pyuria. Thus, the
presence of pyuria is not useful for differentiating between
symptomatic or asymptomatic UTL.%

Outcomes and complications

Outcomes

Patients with diabetes have worse outcomes of UTI than those
without diabetes.!*% Diabetes was found to be risk factor for
early clinical failure after 72 hours of antibiotic treatment
in women with community-onset acute pyelonephritis.®
Diabetes is also associated with longer hospitalization, bac-
teremia, azotemia, and septic shock in patients with UTL"?
Mortality from UTI is 5 times higher in patients with diabetes
aged 65 and older, as compared to elderly control patients.'?
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Relapse and reinfection are also more common in diabetic
patients (7.1% and 15.9%, respectively, vs 2.0% and 4.1%,
respectively, in women without diabetes) according to a
Dutch study of diabetic women with UTL% Another study
also found higher rates of recurrence of UTI in patients with
type 2 diabetes of 1.6%, vs 0.6% in non-diabetic patients.?

Complications

Over 90% of cases of emphysematous pyelonephritis*!
and 67% of episodes of emphysematous cystitis® occur
in patients with diabetes mellitus. Renal and perinephric
abscesses occur far more frequently in diabetic patients as
well."* Urosepsis and bacteremia are also more frequent in
patients with diabetes. A Greek study from 2009 found that
within a group of hospitalized elderly patients with acute
pyelonephritis, 30.7% of patients with diabetes had bacter-
emia compared to 11% of patients without diabetes.?

Management

Treatment of UTI in patients with type 2 diabetes depends
on several factors, including: presence of symptoms, if infec-
tion is localized in the bladder (lower UTI) or also involves
the kidney (upper UTI), presence of urologic abnormalities,
severity of systemic symptoms, accompanying metabolic

alterations, and renal function.® As a general rule, treatment
of UTI in diabetic patients is similar to that of UTI in non-
diabetic patients. Antibiotic choice should also be guided
by local susceptibility patterns of uropathogens. Treatment
should also involve correction of metabolic complications
caused by the infectious process. First-line treatment options
for various types of UTI are detailed in Table 1.

There is no indication to treat ASB in diabetic patients.®
Though earlier studies raised the concern that bacteriuria may
be associated with progression to symptomatic UTI and with
deteriorating renal function in patients with diabetes,”” later
studies found that diabetic women with ASB do not have an
increased risk for a faster decline in renal function,’" and that
there are no short- or long-term benefits from the treatment
of ASB in diabetic women.” A placebo-controlled, random-
ized prospective study of 105 women with diabetes mellitus
found that during a mean follow-up period of 27 months,
antibiotic treatment did not affect the rate of symptomatic
UTI, pyelonephritis, or hospitalizations for UTL.”? A study
from 2006 found that ASB by itself is not associated with
an increased rate of progression to renal impairment or long
term complications during 6 years of follow-up in patients
with diabetes.”" Another study that followed diabetic women
with ASB for up to 3 years found that bacteriuria persists

Table | First-line antibiotic treatment of urinary tract infection in patients with type 2 diabetes mellitus

Type of urinary tract Sex Antibiotic Route Dosage Duration of
infection (UTI) treatment?® treatment
Asymptomatic bacteriuria Men and women None
Acute cystitis Women Nitrofurantoin PO 100 mg x 2-3/d 5 days
Fosfomycin PO 3g Single dose
TMP-SMX PO 960 mg x 2/d 3 days®
Complicated lower UTI (including Men and women Ciprofloxacin PO 250-500 mg x 2/d 7-14 days®
catheter-associated UTI) Ofloxacin PO 200 mg x 2/d 7-14 days*
TMP-SMX PO 960 mg x 2/d° 7-14 days*
Cefuroxime PO 500 mg x 2/d 7-14 days®
Uncomplicated pyelonephritis Women Ciprofloxacin Ive 400 mg x 2/d 7 days
Ciprofloxacin PO¢ 500 mg x 2/d 7 days
Ofloxacin Ive 400 mg x 2/d 7 days
Ofloxacin PO¢ 400 mg x 2/d 7 days
Gentamicin IVve 5 mg/kg x 1/d 7 days
Cefuroxime Ive 750 mg x 3/d 10-14 days
Cefuroxime PO¢ 500 mg x 2/d 10—14 days
Complicated pyelonephritis/urosepsis Men and women Ciprofloxacin Ive 400 mg x 2/d 10—14 days*
Ofloxacin Ive 400 mg x 2/d 10-14 days®
Gentamicin Ive 5 mg/kg X 1/d 10-14 days®
Amikacin Ive 15 mg/kg x 1/d 10—14 days©
Piperacillin-tazobactam Ive 4.5gx3/d 10—14 days*
Ertapenem Ive lgx1/d 10-14 days®

Notes: *Always tailor antibiotic treatment according to urine culture results. ®"Use empirically only when local resistance <20%. “Length of treatment depends on severity of
symptoms and patient response. ‘Administer oral antibiotics to patients with mild to moderate symptoms that can tolerate oral therapy. “Switch to oral therapy when patient

is improving, clinically stable, and can tolerate oral therapy.

Abbreviations: TMP-SMX, trimethoprim-sulfamethoxazole; PO, per os (oral route); IV, intravenous; d, days; g, gram.
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or recurs in most women, is benign, and seldom permanently
eradicable.” All the above studies found that women with
ASB received multiple courses of antibiotic therapy, which
may result in increased antibiotic resistance.

Acute cystitis in women with good glucose control and
without long-term diabetes complications may be managed
as uncomplicated lower UTL? and treated empirically with
one of the following:” nitrofurantoin 100 mg three times
daily for 5 days, fosfomycin trometamol 3 g single dose,
or trimethoprim—sulfamethoxazole 960 mg twice daily for
3 days (can be administered empirically only if resistance
prevalence is known to be less than 20% and medication was
notused in previous 3 months). Quinolones and B-lactams are
other, alternative second-line treatments. Treatment should
be tailored according to culture results, if obtained.

Other cases of lower UTI in diabetic patients are mostly
considered complicated lower UTI and should be treated with
antibiotics. In patients with a chronic indwelling catheter, UTI
prompts exchange of the urinary catheter.’” The wide variety
of potential infecting organisms and increased likelihood
of resistance make uniform recommendations for empiri-
cal therapy problematic.”” Whenever possible, antimicrobial
therapy should be delayed pending results of urine culture and
organism susceptibility, so specific therapy can be directed at the
known pathogen. Therapeutic options include fluoroquinolones,
trimethoprim-sulfamethoxazole, and -lactames (Table 1).

Pyelonephritis in patients with type 2 diabetes may be
treated with oral antibiotics in patients with mild-moderate
symptoms,” with no alterations in gastrointestinal absorp-
tion, such as gastric emptying impairment or chronic diarrhea
caused by diabetic neuropathy. However, diabetic patients
with severe symptoms, hemodynamic instability, metabolic
alterations, or symptoms that preclude administration of
oral medication (nausea, vomiting) should be hospitalized
for initial intravenous antibiotic therapy.®™ Treatment with
empiric antibiotics, using broad-spectrum cephalosporins,
fluoroquinolones, aminoglycosides, piperacillin-tazobactam,
or carbapenems should be initiated (Table 1).747® Patients
presenting with severe sepsis or those known to harbor resis-
tant uropathogens or that have received multiple antibiotic
courses should receive broad-spectrum coverage, guided by
recent urinary cultures. Treatment should be tailored when
culture results are available.

Recommended duration of antibiotic treatment for UTI
is depicted in Table 1, and is similar to that of non-diabetic
patients. Though some argue that patients with diabetes mellitus
should receive longer antibiotic treatment than patients without
diabetes mellitus,”” randomized controlled trials are lacking.

Emphysematous pyelonephritis was historically treated
by nephrectomy or open drainage, along with systemic
antibiotics. In a more recent report, successful management
with systemic antibiotics together with percutaneous catheter
drainage of gas and purulent material, as well as relief of
urinary tract obstruction, if present, has been described.”

The choice of antibiotics in patients with diabetes mellitus
should also take into consideration possible drug interactions
between antimicrobials and antidiabetics or antihypertensive
agents, and impaired glucose homeostasis that may be caused by
certain antibiotics.” Dosage adjustment is required in diabetic
patients with renal impairment for some antimicrobials agents.
Due to their nephrotoxic effect, aminoglycosides should be used
with caution in patients with renal failure, and nitrofurantoin
should be avoided in patients with renal failure, due to drug
accumulation that is associated with peripheral neuropathy.*’

Management of recurrent episodes of UTI is similar to
non-diabetic patients.® In young women without diabetic
complications, post-coital or daily low-dose antibiotic
prophylaxis may be offered.” In patients with renal failure,
complex urologic abnormalities, or highly resistant bacteria,
long-term antibiotic prophylaxis is less effective.® In patients
requiring catheterization due to incomplete bladder void-
ing, intermittent catheterization is preferred over a chronic
indwelling catheter.”’

Conclusion

UTI are common among patients with type 2 diabetes
mellitus. In these patients, UTI are more severe, caused by
more resistant pathogens, and is associated with worse out-
comes than in patients without diabetes. Treatment should
be offered only to symptomatic cases, as ASB is a common
finding, and antibiotic treatment in such cases serves mostly
to increase bacterial resistance. Treatment should be tailored
according to severity of infection and culture results. Further
studies are needed to improve the treatment of patients with
type 2 diabetes and UTIL.
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