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Review

Diabetes and infections

The improvement in human health that has been
achieved in the last two decades1 has been paralleled
by a rise in chronic non-communicable diseases
(NCDs). Over one-third of adults worldwide are over-
weight2, about 40% hypertensive3-4, and approximately
700 million people dysglycaemic (diabetes mellitus [DM]
and impaired glucose tolerance [IGT]).5 Eighty percent
of people with DM live in middle-income countries,
which are host to 88% of deaths due to DM.5

In addition to its association with hypertension,
obesity, and lipid disorders, diabetes also acts as a
fertile ground for several acute and chronic infections.
Infections in people with DM are associated with
increased risk, severity and poor outcomes such as
hospitalisation and deaths. Through release of pro-
inflammatory immune mediators, infections worsen
insulin resistance and cause metabolic decom-
pensation, setting a vicious downward spiral. Through
immunological as well as non-immunological mecha-
nisms, chronic infections may also precipitate the
onset of DM in those at risk. Respiratory tract, geni-
tourinary tract, skin and soft tissues are particularly
vulnerable. The interaction between DM and infectious
diseases is particularly relevant in the developing world,
with the so-called ‘double burden.’

This review visits the interactions between DM
and chronic infections and focuses on some common
infections.

Increased risk of infections

It is generally accepted that people with DM are
at increased risk of all types of infections, attributed
to compromised host defences, due to the long-term
effects of hyperglycaemia on physical barriers and both
humoral and cell-mediated immune responses. There
are, however, few studies that have actually inves-
tigated the risk of infection in people with DM, since
they are difficult to conduct and interpret.

In a large, population-based, retrospective study
in Ontario, Canada, Shah and Hux6 found that the risk

1 Chairman, World Diabetes Foundation, Denmark.

E-mail: dranilkapur@gmail.com

ratio for an infectious disease hospitalization or
physician claim in the DM cohort was 1.21 versus the
control cohort. There was a significantly higher rate of
death attributable to infectious diseases among people
with DM, and a significantly higher death rate within 5
days of a physician claim for infectious disease. A
prospective study in the Netherlands found an
increased susceptibility to lower respiratory tract,
genito-urinary tract and skin and mucous membrane
infections in DM compared to hypertension.7 A UK
study found considerable morbidity and mortality due
to infections in the elderly with DM.8

In addition to this broad susceptibility to infection,
there is also evidence for susceptibility to specific
infections in DM. These include carbuncles, emphy-
sematous pyelonephritis, invasive otitis externa,
emphysematous cholecystitis, pyelonephritis, Four-
nier’s gangrene and rhinocerebral mucormycosis,9

which are all rare in non-diabetics. DM also increases
the likelihood of infections caused by certain bacteria
such as Staphylococcus aureus, Burkholderia mallei
(melioidosis), and Mycobacterium tuberculosis.

Pathogenesis and immunology

The mechanism behind the increased suscep-
tibility is not fully understood. Microvascular damage
is mentioned, but there is little evidence to support
this hypothesis. Non-enzymatic glycosylation of tissue
proteins may alter their functions (e.g., bronchociliary
functions and reduce bronchial reactivity). In long
standing DM, autonomic neuropathy may induce
changes in the cough threshold, thereby increasing
stagnation and reducing clearance of secretions and
bacterial load, leading to infection. Similarly, DM-
induced cystopathy, characterized by impaired
sensation of bladder fullness, leads to overstretched
bladder, reduced bladder contractility, increased
residual urine and impaired urinary flow leading to urine
stagnation. Contractile dysfunctions of biliary and
gastrointestinal tract may promote infections at the
respective sites. Hyperglycaemia, by making glu-
cose available in the respiratory tree, subcutaneous
tissues and genitourinary tract, supports growth of
pathogens.10,11

Respiratory tract infections

People with DM seem to be particularly prone to
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respiratory infections. Respiratory infections resulting
in pneumonia seem rather common in people with DM.
A case-control study of community-acquired pneu-
mococcal pneumonia found a 50% higher risk in people
with DM.13 Amongst patients hospitalised with influenza
pneumonia, the odds ratio (OR) for having DM was
4.72.14 Pneumonia caused by opportunistic pathogens
such as Klebsiella, Pseudomonas, Burkholderia mallei
and many fungi are also more common in people with
DM.12,15 Other pneumonia-causing pathogens more
commonly seen in association with DM are My-
coplasma pneumoniae, Chlamydia pneumoniae,
Legionella spp. and Hemophilus influenzae.

During the outbreak of Severe Acute Respiratory
Syndrome (SARS), a known history of DM and ambient
hyperglycaemia were independent predictors for death
and morbidity.16,17 In the recent outbreak of Middle East
Respiratory Syndrome (MERS), over two-thirds (68%)
of all case fatalities occurred in patients with co-morbid
DM.18

Diabetes and tuberculosis (TB)

DM and TB have co-existed for thousands of
years. As noted by Root19 ‘‘in the latter half of the 19th

century the diabetic patient appeared doomed to die
of pulmonary TB (PTB) if he succeeded in escaping
coma’’. The availability of effective treatment for TB
and DM and successful public health measures in the
developed world to combat TB have made the
association irrelevant: TB did not exist where DM was
present and DM was uncommon where TB was
endemic.  In the last one-and-half decade, the dramatic
rise of DM in low- and middle-income countries has
brought this association to the forefront again. A
systematic review20 found that DM is associated with
an increased risk of TB; the pooled relative risk (RR)
of TB associated with DM was 3.1 and in case-control
studies the OR of TB ranged from 1.16 to 7.83. The
risk was higher in countries with a high background
incidence of TB. Stevenson et al21 reported similar
findings, with RR estimates ranging from 1.5 to 7.8
and a modelling study22 based on data for 2000 from
India reported that DM accounted for nearly 15% of
PTB and 20% of smear-positive PTB.

A more recent paper reviewed studies that had
screened people with DM for active TB and studies
that had screened TB patients for DM and assessed
the yield of screening. Screening for TB in persons
with DM showed high rates of TB prevalence, increasing
with rising TB prevalence in the underlying population
as well as with DM severity. Screening patients with
TB for DM also yielded high prevalence rates of
DM.23,24

A study from Mexico reported that TB patients
with DM co-morbidity have more severe clinical

manifestations and poor outcomes as determined by
haemoptysis (aOR1.66); higher probability of delayed
sputum clearance (aOR 1.43); treatment failure (aOR
2.93); recurrence (aOR 1.76); and relapse (aOR
1.92).25

Skin and soft tissue infections

Skin and soft tissue infections (SSTIs) cause
considerable morbidity and mortality in persons with
DM.26,29 While complications of DM, such as sensory
neuropathy and vascular insufficiency, compound the
picture, it is primarily the metabolic disturbances and
the resultant inadequate immune response that
predispose people with DM to chronic infected wounds
and severe tissue destruction.30,31 It is well known that
neuropathic foot ulcers in patients with leprosy generally
do not develop fulminant infections as commonly seen
with neuropathic diabetic foot ulcers – suggesting that
the diabetic milieu enhances the risk of infections.
Patients with life-threatening infection have a history
of foot infection for more than a month. Culture reports
vary but over two third of the cultures reveal poly-
microbial infection. In one recent report from India, Gram
negative infections were more common and the most
common pathogens isolated were Pseudomonas
aeruginosa (20.1%), Staphylococcus aureus (17.2%)
and Escherichia coli (16.3%).32 Antimicrobial-resistant
pathogens, especially methicillin-resistant S. Aureus
(MRSA), are increasingly isolated in nosocomial
infections. MRSA causes 20% to 50% of DM-
associated foot infections and results in worse
outcomes than other pathogens.33-35 SSTIs occur at
all anatomic sites, but the foot is most frequently
affected in diabetic patients. Severe hand infections in
people with DM can be equally disastrous and result
in the tropical hand syndrome.36

Genitourinary Infections

DM doubles the risk of UTI,37,38 and is related to
duration of DM and presence of glycosuria. The risk
for upper urinary tract and chronic infections is higher.
A rare unusual presentation of UTI in people with DM
is emphysematous pyelonephritis. Women are at
greater risk of UTI than men and frequency of sexual
activity is a risk factor. People with DM with bladder
dysfunction resulting in urinary retention or obstruction
to urinary flow such as urinary calculi or prostate
enlargement are at higher risk of UTI. Asymptomatic
bacteriuria is more common in people with DM, but
does not necessarily increase the risk of symptomatic
infection, except during pregnancy, prior to uro-genital
or gastrointestinal surgery, or in those with marked
urinary retention and does not otherwise merit
treatment.38 The approval of new anti-diabetic drugs
called sodium glucose co-transporter 2 (SGLT2)-
inhibitors, which work through prevention of glucose
reuptake in the renal tubules resulting in glycosuria,
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are associated with increased frequency of UTI amongst

people receiving them, despite improved metabolic

control.39,40 Apart from the higher risk, in general, the

epidemiology and clinical manifestations of UTIs among

men and women with DM is similar to those without

DM,38,41 except for less frequent flank pain.42 The

bacteriology and antibiotic susceptibility patterns also

do not, in general, differ from those without DM.43

Women with pre-gestational or gestational DM

may be at even higher risk of UTI compared to both

pregnant women without DM and non-pregnant women

with DM, and may require special attention due to

higher risk of pregnancy complication as a conse-

quence of UTI.44 Unfortunately the subject has not been

researched. Similarly there is very little high quality

information available on the risk of postpartum genital

infections in women with DM. Given the rising burden

of DM during pregnancy particularly in the developing

world5 one would expect greater interest on the subject.

People with DM, especially those with poor

control are prone to develop genital mycotic infections:

vulvovaginal candidiasis in women and candida

balanitis almost exclusively in uncircumcised men.

Candida albicans is the most common pathogen

causing balanitis and is also the dominant cause of

vulvovaginal candidiasis in women with DM, although

C. glabrata is also a prominent pathogen in women

with type 2 DM mellitus. High glucose promotes yeast

attachment and growth, and also interferes with the

host immune responses. In patients with hypergly-

cemia, risk is increased for not only incident infection

but also for recurrence, underscoring the key role of

establishing and maintaining euglycemia in the

management of genital mycotic infections in people

with DM. As with UTI, the use of SGLT2 inhibitors is

accompanied by a significantly (4 to 6 fold) increased

risk of vulvovaginitis or balanitis in people with DM.

Chronic periodontitis

Periodontitis, an oral infection with primarily
anaerobic gram-negative bacteria, causes chronic
gingival inflammation, bone destruction, loss of
attachment and eventually the loss of teeth in severe
cases. Microbial flora of the dental plaques produce

endotoxins in the form of lipopolysaccharides (LPS)
which are responsible for host-mediated tissue
destructive immune response. Periodontitis is no longer
regarded as a mere oral disease but a condition with
significant systemic effects including worsening of DM,
cardiovascular and renal disease.

Oral diseases affected 3.9 billion people globally
in 2010. Untreated caries was the most prevalent
condition evaluated for the entire Global Burden of

Disease Study (GBD 2010) with a global prevalence of
35% for all ages combined. Severe periodontitis and

untreated caries in deciduous teeth were the 6th and
10th most prevalent conditions, affecting 11% and 9%
of the global population.45 Epidemiological data confirm
that DM is a major risk factor for periodontitis.46

Evidence also supports an increased risk for the
development of type 2 (and possibly gestational) DM

in patients with severe periodontitis.47 In DM patients,
there is a direct and dose-dependent relationship
between periodontitis severity and DM complications.
Current evidence suggests that periodontal disease
adversely affects DM outcomes;47 incidence of macro-
albuminuria and end-stage renal disease is increased

twofold and threefold respectively and the risk of cardio-
renal mortality (ischemic heart disease and diabetic
nephropathy combined) is three times higher in people
with DM who also have severe periodontitis compared
to those without severe periodontitis.48

The effect of periodontal therapy on changing DM
outcomes has not been clearly established. However,
a recent meta-analysis of randomized controlled
clinical trials including periodontal therapy for diabetic
subjects, a metabolic outcome, an untreated control
group, and follow-up of at least 3 months showed a

mean 0.36% lowering of HbA1c (95%CI, 0.54-0.19)
compared to no periodontal treatment (p < 0.0001).49

The modest but consistent reduction in HbA1c observed
as a result of periodontal therapy in subjects with type
2 DM approximates that of adding a second line oral
anti diabetic drug in patients not controlled with one

drug. In addition periodontitis and DM also share
common risk factors such as poor nutrition, con-
sumption of unhealthy high sugar foods and smoking.

Helicobacter pylori infection and DM

Helicobacter pylori (H. pylori) infection is rather
common particularly in the developing countries where
around 80% of the population maybe infected early in
life through a feco-oral route. The potential link between
H. pylori infection and type 2 DM was first reported in
1989.50,53 The mechanism behind the increased risk of

DM caused by H. pylori infection is speculative and
unclear. Most studies agree that eradicating H. pylori
in patients with DM is difficult and re-infection rates
are higher. Treatment of H. pylori infection does not
seem to improve glucose control. Thus while the
association seems interesting no conclusions can be

drawn on the mechanism or the significance of the
association till more evidence on the link becomes
available.
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