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SUMMARY

Evidence supporting the notion that diabetes predisposes to an increased risk of infection continues to be inconclusive. In fact, in 
patients with diabetes, the percentage of outpatient visits to a physician because of an infection ranges from 1.6% to 5.1%, whereas 
individuals without diabetes average 2.6%–3.6% outpatient visits to physicians as a result of an infection. Additionally, compared to the 
general population, the percentage of deaths due to infection in those diagnosed with diabetes ranges from 2.7% to 3.4% compared to 
a range of 4.1% to 4.6% in individuals without diabetes. In individuals with diabetes, the mechanisms have not been clearly elucidated 
but are partly attributed to the effect of hyperglycemia on the immune system, increased risk of local tissue ischemia, and neuropathy. 
The available evidence suggests that individuals with diabetes are more likely to develop certain infections, including asymptomatic 
bacteriuria (especially women), urinary tract infection, pyelonephritis, renal and perinephric abscess, lower extremity infections, deep 
subcutaneous tissue infections, postoperative sternal wound infections, and tuberculosis compared to individuals without diabetes. 
In 2010, 2.8% of hospital discharges for persons diagnosed with diabetes were due to foot ulcers, a stark contrast when compared to 
only 0.6% of discharges due to foot ulcers in individuals without diabetes.

There is inadequate evidence linking diabetes to an increased risk of pneumonia or influenza. The case fatality rate among individuals 
with diabetes who are diagnosed with a respiratory tract infection, such as influenza, sinusitis, and bronchitis, ranges from 1% to 1.4% 
compared to a range of 1.9% to 2.4% in individuals without diabetes. Most clinical guidelines recommend persons with diabetes receive 
the pneumonia and influenza vaccines. Similar to the evidence linking diabetes to respiratory tract infections, the evidence linking 
diabetes to an increased risk of fungal infections, superficial bacterial skin and soft tissue infections, sinusitis, or bronchitis, is weak.

However, there are infections that occur almost exclusively among individuals with diabetes, including: emphysematous pyelonephritis 
and emphysematous cholecystitis, malignant otitis externa, and rhinocerebral mucormycosis. Additionally, diabetes has been identified 
as a risk factor for invasive group B streptococcal infections in nonpregnant adults. Immunological defects, microangiopathy, and 
autonomic and sensory neuropathy have all been implicated as risk factors for the aforementioned infections in individuals with diabetes. 
This chapter summarizes the body of evidence on the relationship between diabetes and infectious disease risks and outcomes.

INTRODUCTION AND OVERVIEW

The link between diabetes and infections, 
such as tuberculosis, has been clinically 
observed for centuries (1), and the 
compilation of scientific evidence has 
been an ongoing work. Before the inven-
tion of medications such as insulin and 
antibiotics, infections were shown to 
contribute considerably to diabetes-as-
sociated morbidity and mortality (2). 
Diabetes is associated with reduced 
response of T cells, diminished neutro-
phil function, and impaired humoral 
immunity (3). As a result, susceptibility 
to infections increases in patients with 

diabetes, not only for common infec-
tions in the general population, including 
respiratory, urinary tract, and skin and 
connective tissue infections, but also 
for infections commonly associated 
with diabetes, such as rhino cerebral 
mucormycosis and emphysematous 
cholecystitis (Table 30.1). However, 
few specific infections occur almost 
exclusively in individuals with diabetes. 
The longstanding question regarding 
whether diabetes is a risk factor for 
many infections has not been resolved 
satisfactorily.

Based on data from the National Vital 
Statistics System (NVSS) analyzed for 
Diabetes in America, 3rd edition, in the 
United States in 1999–2010, the percent 
of deaths with infections ranged from 
2.7% to 3.4% in persons with diabetes and 
4.1% to 4.6% in persons without diabetes 
(Appendix 30.1), with respiratory tract 
infections accounting for the highest 
percentage of deaths in both groups 
(Figure 30.1). Based on a new analysis of 
data from the National Hospital Discharge 
Surveys (NHDS) during the same period, 
the age-standardized percent of hospital 
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TABLE 30.1. Summary of Infections in Diabetes

INFECTIONS COMMON PATHOGENS (REF.) CLINICAL FEATURES (REF.) DIAGNOSIS (REF.)

Respiratory tract infections

Influenza Fever, body ache, cough

Pneumonia Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus 
influenzae, other gram-negative rods, and atypical pathogens (18)

Cough, fever Chest radiogram

Sinusitis Fever, headache, nasal discharge Clinical diagnosis, CT

Bronchitis Cough Clinical diagnosis

Urinary tract infections

Asymptomatic 
bacteriuria

Escherichia coli, Proteus species, Staphylococcus saprophyticus, 
Klebsiella, Enterococci (19)

No symptoms Urine culture

Cystitis Escherichia coli, Proteus species (18) Dysuria, increased urinary 
frequency, suprapubic pain (18)

Urine analysis and culture (18)

Pyelonephritis Escherichia coli, Proteus species (18), Staphylococcus 
saprophyticus, Klebsiella, Enterococci (19)

Flank pain, fever (18) Urine analysis and culture (18)

Emphysematous 
pyelonephritis

Escherichia coli and other gram-negative rods (18) Flank pain, fever, poor response to 
antibiotics (18)

Radiography or CT (18)

Perinephric abscess Escherichia coli and other gram-negative rods (18) Flank pain, fever, poor response to 
antibiotics (18)

Ultrasound or CT (18)

Skin and connective tissue infections

Oral and vaginal 
candidiasis; Intertrigo

Candida albicans Thrush, rash, discharge Clinical diagnosis, microscopic 
examination, culture

Onychomycosis Trichophyton rubrum, Trichophyton mentagrophytes Nail discoloration Clinical diagnosis

Cellulitis and impetigo Staphylococcus aureus, Staphylococcus pyogenes (2) Redness, pain, skin lesion (2) Clinical diagnosis

Foot ulcers Cellulitis without an open skin wound
β-hemolytic Streptococcus and Staphylococcus aureus

Infected ulcer and antibiotic naïve
Staphylococcus aureus and β-hemolytic Streptococcus

Chronic infected ulcer or was previously treated with antibiotics
Staphylococcus aureus, β-hemolytic Streptococcus, 
Enterobacteriaceae

Macerated ulcer (due to soaking)
Pseudomona aeruginosa (often with other organisms)

Long-duration nonhealing ulcer with prolonged antibiotic therapy
aerobic gram-positive cocci, diphtheroids, Enterobacteriaceae, 
Pseudomonas species, fungi

Extensive necrosis and gangrene
mixed aerobic gram-positive cocci, Enterobacteriaceae, 
non-fermenting gram-negative rods, obligate anaerobes (53)

See Table 30.4. Clinical examination, 
radiology, CT, culture

Necrotizing fasciitis Gram-negative rods, anaerobes (type 1) or group A Streptococci 
(type 2) (18)

Pain, redness, crepitus, skin lesion 
(18)

Radiology, CT

Fournier’s gangrene Gram-negative rods, anaerobes (type 1) or group A Streptococci 
(type 2) (18)

Pain, redness, crepitus, skin lesion 
(18)

Radiology, CT

Osteomyelitis See “foot ulcers” Chronic, nonhealing ulcers, 
leukocytosis, fever

Radiology, MRI, radioisotope 
scans, bone biopsy

Infections associated with diabetes

Malignant otitis externa Pseudomonas aeruginosa Ear pain, hearing loss, cellulitis, 
discharge (18)

Clinical examination, MRI (18)

Mucormycosis Mucor and Rhizodus species (18) Facial or ocular pain, fever, black 
nasal eschar (18)

Clinical examination, MRI, 
pathology (18)

Emphysematous 
cholecystitis

Gram-negative bacilli, anaerobes (18), most commonly 
polymicrobial (19)

Right upper quadrant abdominal 
pain, fever, systemic toxicity (18)

Radiology, CT (18)

Group B Strep 
infections

Group B Streptococcus Skin and soft tissue (cellulitis, 
abscess, necrotizing fasciitis, sternal 
wound infections), bacteremia 
without clear cause, urinary tract 
(cystitis, pyelonephritis), pneumonia, 
osteomyelitis, septic arthritis, 
endocarditis, meningitis

Culture

CT, computed tomography; MRI, magnetic resonance imaging.

SOURCE: References are listed within the table.
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FIGURE 30.1. Percent of Deaths With Infections, by Diabetes Status, U.S., 1999–2010
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Diabetes is defined using ICD-10 codes: E10–E14, O24.0–O24.3, and P70.2. ICD-10 codes used to define infections are as follows: respiratory tract infections, including influenza 
(J10.1, J18.9), and sinusitis and bronchitis (J32.9, J40); urinary tract infections, including asymptomatic bacteriuria (N39.0), cystitis (N30.9), pyelonephritis (N10), and perinephric 
abscess (N15.1); skin and connective tissue infections, including oral and vaginal candidiasis (B37.0, B37.3), onychomycosis (B35.1), intertrigo (L30.4), cellulitis and impetigo 
(L3.9, L1.0), foot ulcers (L97), necrotizing fasciitis (M72.6), and osteomyelitis (M86.9); hospital-acquired infections, including sepsis (A41.9); infections associated with diabetes, 
including malignant otitis externa (H60.2), mucormycosis (B46.5), and emphysematous cholecystitis (K81.0); and HIV (B20). Tuberculosis (A15.9) and Fournier’s gangrene (N49.3) 
were not in the data set. HIV, human immunodeficiency virus; ICD-10, The International Classification of Diseases, Tenth Revision, is the standard diagnostic tool for epidemio-
logic, health management, and clinical purposes, including the analysis of the general health situation of population groups. It is used to monitor the incidence and prevalence of 
diseases and other health problems, proving a picture of the general health situation of countries and populations.
* Any infection includes respiratory, urinary tract, skin and connective tissue, hospital-acquired, infections associated with diabetes, or HIV.

SOURCE: National Vital Statistics System 1999–2010

FIGURE 30.2. Age-Standardized Percent of Hospital Discharges Listing Infection, by Diabetes Status, U.S., 1999–2010
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Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define infections are as follows: respiratory tract infections, including 
influenza (480–488) and sinusitis and bronchitis (461, 466); urinary tract infections, including asymptomatic bacteriuria (791.9), cystitis (595.0), pyelonephritis (590.1, 590.8), 
and perinephric abscess (590.2); skin and connective tissue infections, including oral and vaginal candidiasis (112.0–112.3), onychomycosis (110.1), intertrigo (695.89), cellulitis 
and impetigo (682, 684), foot ulcers (707.1), necrotizing fasciitis (728.86), Fournier’s gangrene (785.4), and osteomyelitis (730.2); hospital-acquired infections, including sepsis 
(038) and postoperative wound infections (998.59); infections associated with diabetes, including malignant otitis externa (380.14), mucormycosis (117.7), and emphysematous 
cholecystitis (575.0); and HIV (042–044). Data are age-standardized to the overall National Hospital Discharge Survey 2010 using age categories <44, 45–64, and ≥65 years. 
HIV, human immunodeficiency virus; ICD-9, The International Classification of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses and procedures 
associated with hospital utilization in the United States. 
* Any infection includes respiratory, urinary tract, skin and connective tissue, hospital-acquired, infections associated with diabetes, and HIV.

SOURCE: National Hospital Discharge Surveys 1999–2010
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discharges listing infections ranged from 
16.8% to 18.9% in persons with diabetes 
and 12.5% to 14.9% in persons without 
diabetes (Appendix 30.2); skin and 
connective tissue infections were the most 
common infections in those with diabetes, 
followed by respiratory tract infec-
tions, while respiratory tract infections 
accounted for the highest percentage 
of hospital discharges in those without 
diabetes (Figures 30.2–30.7). Physician 
office visits for infection ranged from 1.6% 
to 5.1% in persons with diabetes and from 
2.6% to 3.6% in persons without diabetes 
over the same time period (Appendix 
30.3) based on a new analysis of data 
from the National Ambulatory Medical 
Care Surveys (NAMCS) (Figure 30.8).

A new analysis of data from the National 
Nursing Home Surveys (NNHS) 1999 
and 2004 for Diabetes in America showed 
the age-standardized percent of nursing 
home residents with infections among 
persons with diabetes increased from 
6.1% in 1999 to 10.3% in 2004, while 
the change in persons without diabetes 
over the same two time points was from 
6.0% to 8.5% (Table 30.2). Overall, these 
data suggest that a greater proportion of 
hospitalizations and physician office visits 
among persons with diabetes compared 
to persons without diabetes involve the 
care of infection, especially among older 
adults (nursing home residents).

Various host/organism-specific factors 
capable of increasing an individual’s 
susceptibility to infection have been 
investigated. These studies found that 
individuals with diabetes are more likely 
to develop peripheral vascular disease 
and microangiopathy, which can cause 
local tissue ischemia. In turn, ischemia 
can result in delayed wound healing and 
tissue necrosis due to decreased oxygen, 
nutrient, and activated leukocyte delivery, 
as well as poor tissue penetration of 
antibiotics (4). Tissue ischemia may be 
further compounded by an increased 
venous and tissue pressure due to arte-
riovenous shunting occurring in patients 
with autonomic neuropathy and peripheral 
sympathetic denervation (4). Autonomic 
neuropathy can also cause urine retention 

FIGURE 30.3. Age-Standardized Percent of Hospital Discharges Listing Any Infection, 
by Diabetes Status, U.S., 1999–2010

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010Pe
rc

en
t o

f h
os

pi
ta

l d
is

ch
ar

ge
s

Year

Diabetes No diabetes 

0 

5 

10 

15 

20 

Any infection includes respiratory, urinary tract, skin and connective tissue, hospital-acquired, infection associated 
with diabetes, or HIV. Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 
codes used to define infections are as follows: respiratory tract infections, including influenza (480–488) and sinusitis 
and bronchitis (461, 466); urinary tract infections, including asymptomatic bacteriuria (791.9), cystitis (595.0), pyelo-
nephritis (590.1, 590.8), and perinephric abscess (590.2); skin and connective tissue infections, including oral and 
vaginal candidiasis (112.0–112.3), onychomycosis (110.1), intertrigo (695.89), cellulitis and impetigo (682, 684), foot 
ulcers (707.1), necrotizing fasciitis (728.86), Fournier’s gangrene (785.4), and osteomyelitis (730.2); hospital-acquired infec-
tions, including sepsis (038), and postoperative wound infections (998.59); infections associated with diabetes, including 
malignant otitis externa (380.14), mucormycosis (117.7), and emphysematous cholecystitis (575.0); and HIV (human immu-
nodeficiency virus) (042–044). Data are age-standardized to the overall National Hospital Discharge Survey 2010 using 
age categories <44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, Ninth Revision, is the 
official system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States. 

SOURCE: National Hospital Discharge Surveys 1999–2010

FIGURE 30.4. Age-Standardized Percent of Hospital Discharges Listing Respiratory Tract 
Infections, by Diabetes Status, U.S., 1999–2010
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Respiratory tract infections include influenza and sinusitis and bronchitis. Diabetes is defined using ICD-9 codes: 
250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define respiratory tract infections are as follows: 
influenza (480–488) and sinusitis and bronchitis (461, 466). Data are age-standardized to the overall National 
Hospital Discharge Survey 2010 using age categories <44, 45–64, and ≥65 years. ICD-9, The International 
Classification of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses and procedures 
associated with hospital utilization in the United States. 

SOURCE: National Hospital Discharge Surveys 1999–2010

FIGURE 30.5. Age-Standardized Percent of Hospital Discharges Listing Urinary Tract 
Infections, by Diabetes Status, U.S., 1999–2010 
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Urinary tract infections include asymptomatic bacteriuria, cystitis, pyelonephritis, and perinephric abscess. Diabetes 
is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define urinary tract 
infections are as follows: asymptomatic bacteriuria (791.9), cystitis (595.0), pyelonephritis (590.1, 590.8), and peri-
nephric abscess (590.2). Data are age-standardized to the overall National Hospital Discharge Survey 2010 using age 
categories <44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, Ninth Revision, is the offi-
cial system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States.  

SOURCE: National Hospital Discharge Surveys 1999–2010
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that can predispose the patient to 
urinary tract infections (UTIs) (5). C fiber 
dysfunction can result in a decrease of 
local and systemic inflammatory signs 
(4), and peripheral neuropathy causes 
a loss of sensation. Due to these factors, 
skin lesions in diabetic patients can go 
unnoticed.

The effects of hyperglycemia on the 
immune system have been studied, 
showing a reduction in the activity of 
polymorphonuclear cells in the presence 
of hyperglycemia, mostly due to impaired 
chemotaxis, adherence to vascular 
walls, phagocytosis, opsonization, and 
defects in oxidation (4,6). Several 
pathogens have been shown to prolif-
erate in the presence of hyperglycemia. 
Hyperglycemia promotes the adhesion of 
Candida albicans to the mucosal epithe-
lium, and Rhizopus species produce an 
enzyme, ketone reductase, that allows 
them to thrive in hyperglycemic acidic 
conditions (7).

Though clinical observation of anatomic, 
immunologic, and pathogenic related 
factors suggest that individuals with 
diabetes are more likely to suffer from 
infections, scientific data are lacking, 
with few infections demonstrated to 
occur more frequently in individuals with 
diabetes compared to individuals without 
diabetes.

FIGURE 30.6. Age-Standardized Percent of Hospital Discharges Listing Skin and 
Connective Tissue Infections, by Diabetes Status, U.S., 1999–2010
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Skin and connective tissue infections include oral and vaginal candidiasis, onychomycosis, intertrigo, cellulitis 
and impetigo, foot ulcers, necrotizing fasciitis, Fournier’s gangrene, and osteomyelitis. Diabetes is defined using 
ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define skin and connective tissue 
infections are as follows: oral and vaginal candidiasis (112.0–112.3), onychomycosis (110.1), intertrigo (695.89), 
cellulitis and impetigo (682, 684), foot ulcers (707.1), necrotizing fasciitis (728.86), Fournier’s gangrene (785.4), 
and osteomyelitis (730.2). Data are age-standardized to the overall National Hospital Discharge Survey 2010 using 
age categories <44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, Ninth Revision, is 
the official system of assigning codes to diagnoses and procedures associated with hospital utilization in the United 
States. 

SOURCE: National Hospital Discharge Surveys 1999–2010

FIGURE 30.7. Age-Standardized Percent of Hospital Discharges Listing Hospital-Acquired 
Infections, by Diabetes Status, U.S., 1999–2010
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Hospital-acquired infections include sepsis and postoperative wound infections. Diabetes is defined using ICD-9 
codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define hospital-acquired infections are 
as follows: sepsis (038) and postoperative wound infections (998.59). Data are age-standardized to the overall 
National Hospital Discharge Survey 2010 using age categories <44, 45–64, and ≥65 years. ICD-9, The International 
Classification of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses and procedures 
associated with hospital utilization in the United States.

SOURCE: National Hospital Discharge Surveys 1999–2010
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FIGURE 30.8. Age-Standardized Percent of Outpatient Visits to a Physician Pertaining to 
Infections, by Diabetes Status, U.S., 1999–2010
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Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define 
infections are as follows: influenza (480–488), sinusitis and bronchitis (461, 466), asymptomatic bacteriuria 
(791.9), cystitis (595.0), pyelonephritis (590.1, 590.8), perinephric abscess (590.2), oral and vaginal candidiasis 
(112.0–112.3), onychomycosis (110.1), intertrigo (695.89), cellulitis and impetigo (682, 684), foot ulcers (707.1), 
necrotizing fasciitis (728.86), Fournier’s gangrene (785.4), osteomyelitis (730.2), sepsis (038), postoperative wound 
infections (998.59), malignant otitis externa (380.14), mucormycosis (117.7), emphysematous cholecystitis (575.0), 
HIV (human immunodeficiency virus) (042–044), and tuberculosis (010–018). Data are age-standardized to the 
overall National Ambulatory Medical Care Survey 2010 using age categories <45, 45–64, and ≥65 years. ICD-9, 
The International Classification of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses 
and procedures associated with hospital utilization in the United States.
1 Relative standard error >30%–40%
2 Relative standard error >40%–50%

SOURCE: National Ambulatory Medical Care Surveys 1999–2010

TABLE 30.2. Age-Standardized Percent of Nursing Home Residents With Infections, 
by Diabetes Status, U.S., 1999 and 2004

PERCENT (STANDARD ERROR)

1999 2004

Diabetes 6.1 (0.68) 10.3 (0.67)

No diabetes 6.0 (0.30) 8.5 (0.37)

Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define 
infections are as follows: influenza (480–488), sinusitis and bronchitis (461, 466), asymptomatic bacteriuria 
(791.9), cystitis (595.0), pyelonephritis (590.1, 590.8), perinephric abscess (590.2), oral and vaginal candidiasis 
(112.0–112.3), onychomycosis (110.1), intertrigo (695.89), cellulitis and impetigo (682, 684), foot ulcers (707.1), 
necrotizing fasciitis (728.86), Fournier’s gangrene (785.4), osteomyelitis (730.2), sepsis (038), postoperative 
wound infections (998.59), malignant otitis externa (380.14), mucormycosis (117.7), emphysematous cholecystitis 
(575.0), HIV (human immunodeficiency virus) (042–044), tuberculosis (010–018). Data are age-standardized to 
the overall National Nursing Home Survey 2004 using age categories <65, 65–74, 75–84, and ≥85 years. ICD-9, 
The International Classification of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses 
and procedures associated with hospital utilization in the United States.

SOURCE: National Nursing Home Surveys 1999 and 2004
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DATA SOURCES AND LIMITATIONS

Numerous data sources are used in this 
chapter, including but not limited to:

NATIONAL VITAL STATISTICS 
SYSTEM 1999–2010
The NVSS is the oldest and most successful 
example of intergovernmental data sharing 
in public health, and the shared relation-
ships, standards, and procedures form the 
mechanism by which the National Center 
for Health Statistics (NCHS) collects and 
disseminates the Nation’s official vital 
statistics. These data are provided through 
contracts between NCHS and vital regis-
tration systems operated in the various 
jurisdictions legally responsible for the 
registration of vital events—births, deaths, 
marriages, divorces, and fetal deaths.

NATIONAL HOSPITAL DISCHARGE 
SURVEYS 1999–2010
NHDS data are collected from a sample 
of inpatient records acquired from a 
national probability sample of hospitals. 
Because persons with multiple discharges 
during the year can be sampled more 
than once, NHDS produces estimates for 
discharges, not persons. Only hospitals 
with an average length of stay of fewer 
than 30 days for all patients, general 
hospitals, or children’s general hospitals 
are included in the survey. Federal, mili-
tary, and Department of Veterans

Affairs hospitals, as well as hospital units 
of institutions (such as prison hospitals) 
and hospitals with fewer than six beds 
staffed for patient use, are excluded.

NATIONAL AMBULATORY MEDICAL 
CARE SURVEYS 1999–2010
The NAMCS is a national survey designed 
to meet the need for objective, reliable 
information about the provision and use 
of ambulatory medical care services in 
the United States. Findings are based on 
a sample of visits to non-federal employed, 
office-based physicians who are primarily 
engaged in direct patient care.

NATIONAL NURSING HOME 
SURVEYS 1999 AND 2004
The NNHS is a continuing series of national 
sample surveys of nursing homes, their 
residents, and their staff. Although each of 
these surveys emphasized different topics, 
they all provided some common basic 
information about nursing homes, their 
residents, and their staff. All nursing homes 
included in this survey had at least three 
beds and were either certified (by Medicare 
or Medicaid) or had a state license to 
operate as a nursing home.

There are several limitations that must 
be mentioned. First, with large, national 
data sets, it is important to recognize that 

underreporting and/or misreporting of 
data can occur. For example, compared 
to those who do not have diabetes, the 
death certificate data on infections for 
individuals with diabetes may not be 
reported accurately. Similarly, hospital 
discharge data may not reflect all appro-
priate diagnoses upon release after 
inpatient hospitalizations. Additionally, 
long-term and federal hospitals are often 
excluded from national data, such as 
the NHDS; therefore, hospitalizations 
involving persons with diabetes may be 
underestimated. Second, the sample 
size associated with some of the medical 
conditions analyzed may be small; 
therefore, estimates may be limited and 
not generalizable to all subpopulations. 
Third, because national data sets provide 
aggregate data on a group of individuals 
rather than individuals, rates of diabe-
tes-related infections may not reflect risks 
for individual persons. Fourth, because 
ICD-9 codes were used to compute the 
analyses, true prevalence estimates may 
be underestimated. Despite these limita-
tions, however, the information provided 
is important to understanding the relation-
ship between diabetes and infections.

GENERAL INFECTIONS IN INDIVIDUALS WITH DIABETES

RESPIRATORY TRACT INFECTIONS
Influenza and Pneumonia
Epidemiologic studies suggest that 
individuals with diabetes are at high risk 
for complications, hospitalization, and 
death from influenza and pneumococcal 
disease (8). However, there are few data 
on whether individuals with diabetes 
are more likely to contract influenza 
compared to those without diabetes 
(Figure 30.9). Non-age-adjusted death 
rates among individuals with diabetes 
increase by 5%–15% during influenza 
epidemics (9). Data show that respiratory 
infections are common in diabetes and 
that influenza is the most common respi-
ratory infection diagnosis (Appendix 30.2).

FIGURE 30.9. Age-Standardized Percent of Hospital Discharges Listing Influenza, by 
Diabetes Status, U.S., 1999–2010
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categories <44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, Ninth Revision, is the offi-
cial system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States. 

SOURCE: National Hospital Discharge Surveys 1999–2010
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Rapid influenza diagnostic testing can be 
used to establish that patients presenting 
with high fever, myalgias, and cough are 
infected with this disease. In a new anal-
ysis of NVSS data for Diabetes in America 
assessing the percentage of deaths with 
infections by diabetes status, approximately 
1%–1.5% of deaths in individuals with 
diabetes were associated with a respiratory 
tract infection, such as influenza, between 
1999 and 2010 compared to slightly 
over 2% in individuals without diabetes 
during the same time period (Figure 30.1, 
Appendix 30.1). Contrarily, a new analysis 
of NHDS 1999–2010 data for Diabetes in 
America demonstrated a higher percentage 
of hospital discharges listing influenza as 
a diagnosis in individuals without diabetes 
(approximately 6%–7%) compared to 
individuals with diabetes (approximately 
5%–6%) (Figure 30.9, Appendix 30.2).

Treatment for influenza is mostly symp-
tomatic, but antiviral agents can be used 
as well. Major complications are sinusitis, 
bronchitis, and pneumonia. Although one 
study found that prophylactic influenza 
vaccination was associated with only a 
12.3% reduction in hospitalization rates 
for older individuals (age ≥65 years) with 
diabetes compared to 23% in people 
without diabetes (p=0.08) (10), most epide-
miologic studies suggest that persons with 
diabetes are at higher risk for complications, 
hospitalization, and death from influenza 
(8,11,12). Accordingly, the Advisory 
Committee on Immunization Practices 
recommends vaccinating individuals with 
diabetes before the influenza season 
as the most effective way to reduce the 
impact of influenza (Table 30.3) (8).

Controlled data comparing the inci-
dence of pneumonia in individuals with 
and without diabetes are scarce. The 

question remains whether diabetes is 
an individual risk factor for developing 
pneumonia; however, data support the 
notion that diabetes increases the risk for 
pneumonia-related hospitalizations (13), 
increased length of hospital stay (14), 
and pneumonia-related mortality (15). 
In one 12-month prospective study, indi-
viduals with type 1 or type 2 diabetes 
were shown to have a greater risk of 
lower respiratory tract infection (type 1 
diabetes: adjusted odds ratio [AOR] 1.42, 
95% confidence interval [CI] 0.96–2.08; 
type 2 diabetes: AOR 1.32, 95% CI 1.13–
1.53) (16), but results from other studies 
have yielded conflicting results (16).

Diabetes is one of the conditions asso-
ciated with recurrent pneumonia (17), 
and microorganisms responsible for 
pneumonia in individuals with diabetes 
differ from those in individuals without 
diabetes. Individuals with diabetes are 
more likely to develop pneumonia from 
Staphylococcus aureus, Klebsiella pneu-
monia, and other gram-negative rods 

(18,19). Pneumonia from Streptococcus 
pneumonia is associated with increased 
mortality and bacteremia among indi-
viduals with diabetes (8,18). In one 
population-based case-control study, the 
odds ratio (OR) for community-acquired 
pneumococcal bacteremia, adjusted for 
comorbidities, was 1.5 (95% CI 1.1–2.0) 
in those with diabetes compared with 
persons without diabetes (19). Accordingly, 
the Advisory Committee on Immunization 
Practices recommends pneumococcal 
vaccination in individuals with diabetes 
as a strategy to reduce invasive disease 
from pneumococcus (Table 30.3) (8).

Sinusitis and Bronchitis
No direct comparison data are available 
to determine whether individuals with 
diabetes are more likely to develop acute 
sinusitis and bronchitis than those without 
diabetes. Based on NHDS 1999–2010 
data analyzed for Diabetes in America, 
similar estimates for the rates of hospital 
discharges for both conditions are 
observed (Figure 30.10, Appendix 30.2).

TABLE 30.3. Guidelines for Vaccination for Influenza and Pneumonia

INFECTION ADVISORY COMMITTEE ON IMMUNIZATION PRACTICES RECOMMENDATIONS

Influenza  § Yearly (starting September) for patients with diabetes age ≥6 months. 
 § Intramuscular dosage and vaccine type should be based on the patient’s age.

Pneumonia  § Pneumococcal polysaccharide vaccine 23 (PPSV23) should be administered to all patients with diabetes age ≥2 years.
 § Both PPSV23 and pneumococcal conjugate vaccine 13 (PCV13) should be administered in series routinely to all adults age ≥65 years.
 § Administer PCV13 to adults age ≥65 years if not previously vaccinated or if vaccination status unknown, followed by PPSV23 6–12 months after 

the initial vaccination with PCV13.
 § If previously vaccinated with PPSV23, administer PCV13 ≥12 months later as follow-up in adults age ≥65 years.

SOURCE: Reference 8

FIGURE 30.10. Age-Standardized Percent of Hospital Discharges Listing Sinusitis and 
Bronchitis, by Diabetes Status, U.S., 1999–2010
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URINARY TRACT INFECTIONS
UTIs are described in Chapter 28 Urologic 
Diseases and Sexual Dysfunction in 
Diabetes. UTIs among individuals with 
diabetes occur at a higher frequency 
than in those without diabetes, espe-
cially among those with type 1 diabetes 
(16). However, there are few high-quality 
observational studies on the relationship 
between diabetes and UTI (Figure 30.5, 
Appendix 30.2) (20,21,22), with most 
of the available studies subject to 
patient selection bias due to patient and 
physician referrals and hospital-based 
sampling.

Several pathogenic mechanisms have 
been investigated to better understand 
the causal mechanism of UTI in persons 
with diabetes, and neither the presence of 
glucosuria (23) nor level of hyperglycemia 
(24) explains the higher incidence of UTIs 
in individuals with diabetes. UroEDIC 
is a urologic complications ancillary 
study of the Epidemiology of Diabetes 
Interventions and Complications Study 
that followed Diabetes Control and 
Complications Trial participants after the 
conclusion of the clinical trial. Among 
women with type 1 diabetes, sexual 
activity—a risk factor common to all 
young, sexually active women with and 
without diabetes—but not diabetes 
duration, measures of diabetes control, 
or complications, was the main risk 
factor associated with increased cystitis 
risk (AOR 8.28, 95% CI 1.45–158.32, 
p=0.01) (25). Others have suggested 
that impaired renal function secondary 
to glomerulosclerosis and micturition 
abnormalities causing increased residual 
urine could account for an increased 
susceptibility to infection (26). Studies 
have also shown that patients with 
poorly controlled diabetes have higher 
adherence of Escherichia coli with 
type 1 fimbriae to uroepithelial cells 
(23). Predominant organisms include 
Escherichia coli (the most common 
pathogen) and Klebsiella pneumonia, 
Proteus, group B streptococci, Candida 
albicans, and multimicrobial-resistant 
pathogens in patients with complicated 
infection (e.g., polynephritis, indwelling 
catheters, recent antibiotic therapy) (5).

Asymptomatic Bacteriuria
Asymptomatic bacteriuria is the presence 
of a pathogen in the urine of an asymp-
tomatic patient. In 2005, the Infectious 
Diseases Society of America published 
guidelines for the diagnosis and treatment 
of asymptomatic bacteriuria in adults (27). 
For asymptomatic women, bacteriuria is 
defined as two consecutive clean catch 
voided urine samples with the same bacte-
rial strain in counts ≥105 cfu/mL (26) or a 
single catheterized urine specimen with 
one bacterial species isolated in counts 
≥105 cfu/mL; the latter also defines bacte-
riuria in asymptomatic men (27,28).

The true incidence and prevalence of 
asymptomatic bacteriuria is unknown 
(especially in men) (27). Multiple studies 
show that asymptomatic bacteriuria is 
more common in women with diabetes 
(2,5,29). In one study, the prevalence 
of asymptomatic bacteriuria was 26% in 
women with diabetes compared with 6% 
in those without diabetes (23). In another, 
the prevalence was 29% in women with 
diabetes, which was about three times 
greater than that in women without 
diabetes (30). Hypothesized reasons for 
this greater prevalence include urethral 
reflex and residual volume due to morpho-
logic and functional changes in the bladder 
that results from diabetes (31). In men with 
diabetes, the overall prevalence of asymp-
tomatic bacteriuria is 1%–11% and is similar 
to that in men without diabetes (2).

As mentioned, female sex is an inde-
pendent risk factor for developing 
asymptomatic bacteriuria (32). In women 
with diabetes, diabetes duration of ≥10 
years (relative risk [RR] 2.6, 95% CI 
1.3–5.1) and use of insulin (RR 3.7, 95% 
CI 1.8–7.3), but not the level of glycemic 
control, increase the risk for developing 
the condition compared with age-matched 
women without diabetes (20). Diabetic 
neuropathy and nephropathy have been 
associated with asymptomatic bacteriuria 
in women with type 1 diabetes, but not 
type 2 diabetes (2).

Escherichia coli remains the organism 
most commonly isolated in urine speci-
mens, but other gram-negative organisms, 

such as Staphylococcus saprophyticus 
and enterococci, are also common. 
Individuals with diabetes have an 
increased risk of developing symptomatic 
cystitis, pyelonephritis, and perinephric 
abscess (see the sections Cystitis 
and Pyelonephritis, Emphysematous 
Pyelonephritis, and Renal and Perinephric 
Abscess). Though a few small studies 
suggest that asymptomatic bacteriuria 
can increase the risk for developing 
symptomatic UTI in women with diabetes, 
large-scale studies are needed to support 
this link (33,34). Furthermore, studies 
evaluating the effect of antibiotic therapy 
on asymptomatic bacteriuria failed to 
show a change in long-term outcomes. In 
one study evaluating the effect of antibi-
otic therapy in adult women with diabetes 
and asymptomatic bacteriuria, during 
a mean follow-up of 27 months, 40% of 
women in the placebo group and 42% of 
women in the antimicrobial therapy group 
had at least one episode of symptomatic 
UTI (35). The time to a first symptomatic 
episode was similar in the placebo group 
and the antimicrobial therapy group 
(p=0.67 by the log-rank test), as were the 
incidence rates (±standard deviation) per 
1,000 days of follow-up of any symptom-
atic UTI (i.e., bacteriuria) (1.10±0.17 and 
0.93±0.14, respectively; RR 1.19, 95% CI 
0.28–1.81), pyelonephritis (0.28±0.08 and 
0.13±0.05, respectively; RR 2.13, 95% CI 
0.81–5.62), and hospitalization for UTI 
(0.10±0.36 and 0.06±0.22, respectively; 
RR 1.93, 95% CI 0.47–7.89) (33). In a 
systematic review of published literature 
from 1967–2003, antimicrobial therapy 
did not show a reduction in symptomatic 
UTIs, pyelonephritis, or hospitalization 
for UTI (36). Therefore, based on present 
evidence, the Infectious Diseases 
Society of America does not recommend 
screening and treating individuals with 
diabetes for asymptomatic bacteriuria in 
their guidelines (19,27).

Cystitis and Pyelonephritis
Patients with cystitis present with 
complaints of increased frequency 
of urination, dysuria, and suprapubic 
tenderness. Fever is uncommon in 
uncomplicated cystitis. Patients with 
pyelonephritis present more dramatically 
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with high fever, chills, and back pain. 
Diagnosis is confirmed with urine analysis 
and urine culture.

Diabetes is a predisposing factor for 
developing pyelonephritis in both sexes 
(2). In a case-control study conducted at 
the Group Health Cooperative of Puget 
Sound in Washington State among post-
menopausal women with symptomatic 
UTIs, 13.1% had diabetes compared to 
controls, of whom 6.8% had diabetes 
(21). In this population, adjustment for 
frequency of sexual intercourse and 
history of UTIs had little effect on the 
estimate of association, and neither 
duration of diabetes nor the glycosylated 
hemoglobin (A1c) level was associated 
with higher odds ratios for UTIs (21). A 
retrospective cohort study using admin-
istrative data in Ontario found that the 
risk ratio for cystitis among individuals 
with diabetes compared to those without 
diabetes was 1.43 (99% Cl 1.39–1.46) 
in 1996 and 1.39 (99% Cl 1.36–1.42) in 
1999 (37). In the same population-based 
study, the risk ratio for pyelonephritis 
was 1.86 (99% Cl 1.69–2.05) in 1996 
and 1.95 (99% Cl 1.78–2.13) in 1999 (37). 
In another study describing the diagnosis 
and treatment of renal, perinephric, and 
mixed abscesses of patients treated at 
an academic center, acute pyelonephritis 
was shown to be four to five times more 
common in individuals with diabetes (38). 
In the UroEDIC study, among women 
with type 1 diabetes, the prevalences 
of cystitis and pyelonephritis in the 
preceding 12 months were 15% and 3%, 
respectively (25). The adjusted preva-
lence of cystitis (19.1%) was similar to that 
found in women without diabetes (23.1%) 
in the National Health and Nutrition 
Examination Survey III (AOR 0.78, 95% CI 
0.51–1.22, p=0.28) (25).

Diabetes is also one of the most 
important risk factors for hospitaliza-
tion from acute pyelonephritis. Among 
individuals with diabetes, the mean hospi-
talization rate for women was 128–144 
per 10,000 and 24–34 per 10,000 
for men (26). A new analysis of NHDS 
1999–2010 data for Diabetes in America 
showed that, in the United States, 

the average percentage of hospital 
discharges listing pyelonephritis among 
individuals with diabetes was 0.78% 
compared with 0.56% in those without 
diabetes (Figure 30.11, Appendix 30.2). 
Also, individuals with diabetes with acute 
pyelonephritis were more likely to develop 
complications (2). Bacteremia is about 
four times more likely and acute renal 
failure is nearly twice as likely to occur in 
individuals with diabetes (5,39).

Emphysematous Pyelonephritis
Emphysematous pyelonephritis is 
an uncommon (200 cases reported 
by 2013) necrotizing, gas-producing 
infection of the renal parenchyma (40). 
Diabetes is present in 70%–90% of 
patients presenting with this infection 
(19). Among persons with diabetes, 
urinary tract obstruction is shown to be a 
risk factor (present in 5 out of 10 patients 
in one case series) (41). The transport 
of metabolic endproducts is impaired 
due to decreased tissue perfusion in 
individuals with diabetes, and there is 
an increase in carbon dioxide produced 
by microorganisms from glucose (5,40), 
with the most common causative organ-
isms being Escherichia coli and Klebsiella 
(19). The clinical course can be difficult 
to distinguish from acute pyelonephritis, 
as most patients present with fever, flank 
pain, and nausea. Severe symptoms and 
failure to respond to antibiotic therapy 
should be warning signs prompting 

further investigation. Diagnosis is 
confirmed by identifying the gas in 
renal tissues. Computed tomography 
(CT) is the most sensitive diagnostic 
method (19). Despite pharmacological 
and surgical therapy, mortality remains 
high (60%–80%), but nephrectomy, if 
appropriate, has a potential to reduce it 
to 20% (19).

Renal and Perinephric Abscess
Renal and perinephric abscess is a compli-
cated UTI characterized by tissue necrosis 
forming either a walled off cavity (renal 
abscess) or a more diffuse liquefaction 
(perinephric abscess). Major risk factors 
are diabetes and kidney stones. In one 
study, each of these risk factors was 
present in 28% of patients (38). In a study 
conducted in Taiwan, among more than 
one-half million adults with diabetes and 
sex- and age-matched controls, the hazard 
ratio of hospitalization for renal abscess in 
individuals with diabetes was 3.81 (95% Cl 
3.44–4.23) (42). Renal ultrasound and CT 
are the most sensitive tests.

SKIN AND SOFT TISSUE INFECTIONS
Skin and soft tissue infections are 
common complications in individuals with 
diabetes, with skin infections occurring 
in 20%–50% of patients annually. These 
infections are more common among 
individuals with undiagnosed and diag-
nosed type 2 diabetes and poor metabolic 
control (43). In a 12-month prospective 

FIGURE 30.11. Age-Standardized Percent of Hospital Discharges Listing Pyelonephritis, 
by Diabetes Status, U.S., 1999–2010
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official system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States. 

SOURCE: National Hospital Discharge Surveys 1999–2010 
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cohort study, comparing adults with 
type 1 and type 2 diabetes to adults 
with hypertension and without diabetes, 
patients with type 1 and type 2 diabetes 
had an increased risk for bacterial skin 
and mucous membrane infections 
(type 1 diabetes: AOR 1.59, 95% CI 
1.12–2.24; type 2 diabetes: AOR 1.33, 
95% CI 1.15–1.54) (16). A new analysis for 
Diabetes in America of NHDS 1999–2010 
data found that the average percentage 
of hospital discharges listing skin and 
connective tissue infections among indi-
viduals with diabetes was 9.1%, which 
was the highest among all infections 
(Figure 30.6, Appendix 30.2). In indi-
viduals without diabetes, the average 
percentage of hospital discharges listing 
skin and connective tissue infections was 
3.6% (Figure 30.6, Appendix 30.2). The 
proposed etiologies include: decreased 
immune function due to decreased 
neutrophil and T cell function (18,44), as 
well as “local” factors, such as diabetic 
neuropathy, poor circulation due to periph-
eral vascular disease, and small vessel 
angiopathy.

Fungal Skin and Soft Tissue Infections
Though the true prevalence of fungal 
infections in individuals with diabetes 
has not been well established, diabetes 
has been identified as a risk factor for 
developing onychomycosis (45) and oral 
and vulvovaginal candidiasis (Figure 30.12, 
Appendix 30.2) (46). Candida is present 
in the gastrointestinal and genitourinary 
tracts of humans, but it can become 
a pathogen if there is a change in the 
environment of the ecologic niches 
where the organisms are typically found. 
Candida albicans infections, including 
moniliasis, are common among individuals 
with diabetes, and such infections can 
be an initial presentation or sign of 
undiagnosed diabetes. In a 12-month 
prospective cohort study, comparing 
adults with type 1 and type 2 diabetes 
to adults with hypertension and without 
diabetes, patients with type 1 and type 
2 diabetes had an increased relative risk 
for mycotic skin and mucous membrane 
infections (type 1 diabetes: AOR 1.34, 
95% CI 0.97–1.84; type 2 diabetes: AOR 
1.44, 95% CI 1.27–1.63) (16).

Candida infections may take many forms. 
A classic manifestation of childhood 
diabetes is candida angular stomatitis, 
which is also common in older adults. 
Oropharyngeal candidiasis, or thrush, 
is diagnosed by the presence of white 
plaques on the oral mucosa. It is diffi-
cult to distinguish moniliasis from other 
forms of fungal infections, but it usually 
occurs in moist areas, such as between 
skin folds. Vulvovaginal candidiasis 
presents with increasing soreness and 
itching in the vulvar area with a vaginal 
discharge that looks like thick cottage 
cheese, and it can be recurrent and 
chronic. Men with diabetes can suffer 
from balanitis manifested as itching, 
pain, and scaly white plaques. This 
disease is more common among uncir-
cumcised and older men with diabetes 
(47,48). Findings from the U.K. General 
Practice Research Database of 125,237 
female patients and 146,603 males 
showed that among patients with type 
2 diabetes, the incidence of vaginitis 
was 21.0 per 1,000 patient years (95% 
CI 19.8–22.1) with the risk being 1.81 
(95% CI 1.64–2.00) times greater than 
among patients without diabetes; the 
incidence of balanitis was 8.4 per 1,000 
patient years (95% CI 7.8–9.1) with a 
relative risk of 2.85 (95% CI 2.39–3.39) 
compared to patients without diabetes 
(49). Diagnosis is made by identifying 
budding yeasts in potassium hydrox-
ide-prepared slides of suspected lesion 

scrapings. In some cases, a culture can 
be used. The most important factors for 
prevention are good glycemic control 
and local hygiene (48).

Onychomycosis is present in nearly 
one-third of individuals with diabetes 
and was diagnosed in 57% of abnormal 
toenails in individuals with diabetes 
(50). As with subjects without diabetes, 
onychomycosis is predominantly caused 
by either Trichophyton rubrum or 
Trichophyton mentagrophytes.

Bacterial Skin and Soft 
Tissue Infections
Poor glycemic control has been linked to 
an increased risk of bacterial skin and soft 
tissue infections (47). Superficial infections, 
such as impetigo, cellulitis, erysipelas, 
folliculitis, furunculosis, and carbunculosis, 
can present in more severe forms and 
have a higher risk for complications among 
poorly controlled and older individuals 
with diabetes (43,51). In one study, exam-
ining 2,227,401 episodes of skin and soft 
tissue infections among individuals age 
0–64 years enrolled in U.S. health plans 
between 2005 and 2010, 10% of infections 
occurred in individuals with diabetes (52). 
In this study, abscess/cellulitis was the 
most common infection in both individuals 
with and without diabetes (66% and 59%, 
respectively, p<0.01); complication rates 
of skin and soft tissue infections were over 
five times higher in people with diabetes 

FIGURE 30.12. Age-Standardized Percent of Hospital Discharges Listing Oral and Vaginal 
Candidiasis, by Diabetes Status, U.S., 1999–2010
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than in people without diabetes (4.9% vs. 
0.8%, p<0.01) in ambulatory settings; and 
hospitalization rates due to these infections 
were 4.9% and 1.1% in patients with and 
without diabetes, respectively (52). In the 
same study, 75.6% of all skin and soft 
tissue infections in patients with diabetes 
occurred in the 45–64 years age group 
versus 31.1% in individuals without diabetes 
in the same age group (p<0.01) (52).

Of all skin and connective tissue infections, 
cellulitis and impetigo were the most 
frequent hospital discharge diagnoses 
among individuals with diabetes in the 
United States in 1999–2010 (Figure 
30.13, Appendix 30.2), as seen in a new 
analysis of NHDS data for Diabetes in 
America. Most superficial bacterial soft 
tissue infections in individuals with and 
without diabetes are caused by either 
Staphylococcus aureus or β-hemolytic 
streptococci, though soft tissue infections 
caused by group B streptococci occur in 
higher frequency among individuals with 
diabetes (53) (see the section Group B 
Streptococcus Infections for more details).

Erythrasma, presenting as shiny, hyper-
pigmented patches in areas of increased 
maceration and friction, is caused by 
Corynebacterium and occurs more 
frequently in obese individuals with 
diabetes (43). Prompt diagnosis, proper 
glycemic control, antibiotic therapy, and 
in some cases, timely surgical debride-
ment are all factors needed to improve 
outcomes for superficial skin and soft 
tissue infections.

Foot Ulcers and Osteomyelitis
The relationship between diabetes and foot 
ulcers is detailed in Chapter 20 Peripheral 
Arterial Disease, Foot Ulcers, Lower 
Extremity Amputations, and Diabetes. 
Infections of the foot are the most common 
soft tissue complaints in individuals with 
diabetes, with foot ulcer being the most 
common lower extremity microvascular 
complication with the lifetime risk of a foot 
ulcer as high as 25% (54,55,56). According 
to new analysis of NHDS data for Diabetes 
in America demonstrating age-standard-
ized hospital discharges between 1999 
and 2010, approximately 3% of patients 

with diabetes had foot ulcers listed on their 
discharge summaries compared to <1% 
of patients without diabetes (Figure 30.14, 
Appendix 30.2). In a study of 1,033 patients 
with diabetes treated in 56 U.S. hospitals 
from June 2008 to December 2009 for 
complicated skin and soft tissue infections, 
infections occurred most commonly in the 
foot (28.5%) and lower leg (23.7%), and 
27% of patients had diabetic foot infection 
(57). Diabetic foot infections account for 
nearly 80% of all nontraumatic amputa-
tions of the lower limb (56,58).

Factors increasing the risk of developing 
foot infection in individuals with diabetes 
are hyperglycemia, foot deformity, 

neuropathy, occlusive peripheral arterial 
disease (most likely to affect smaller, 
below-knee tibial arteries), nonocclusive 
microvascular dysfunction, undetected 
trauma, and recurrent fungal nail and skin 
infections (59). Neuropathy, inadequate 
patient education, vision impairment, and 
obesity are risk factors for delayed recog-
nition and diagnosis of foot infections. Due 
to late diagnosis, inadequate management, 
and impeded healing, foot infections 
are more likely to lead to complications, 
such as more severe infections, deep 
ulcers, necrosis, and osteomyelitis, with 
30%–50% of patients requiring amputa-
tion (59). The diagnosis of foot infections 
is made based on clinical presentation 

FIGURE 30.13. Age-Standardized Percent of Hospital Discharges Listing Cellulitis and 
Impetigo, by Diabetes Status, U.S., 1999–2010
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FIGURE 30.14. Age-Standardized Percent of Hospital Discharges Listing Foot Ulcers, 
by Diabetes Status, U.S., 1999–2010

Year

Diabetes No diabetes 

Pe
rc

en
t o

f h
os

pi
ta

l d
is

ch
ar

ge
s

0 

2 

4 

6 

8 

10 

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. The ICD-9 code used to define 
foot ulcers is 707.1. Data are age-standardized to the overall National Hospital Discharge Survey 2010 using age 
categories <44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, Ninth Revision, is the offi-
cial system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States. 

SOURCE: National Hospital Discharge Surveys 1999–2010



Infections Associated With Diabetes

30–13

and examination, noting the presence of 
inflammation, size and extent of ulceration, 
and purulence. The severity of diabetic 
foot ulcers can be categorized according 
to ulcer depth, signs of infection, and the 
degree of systemic toxicity (Table 30.4).

Superficial ulcers are most commonly 
caused by gram-positive cocci, such as 
Staphylococcus aureus and β-hemolytic 
streptococci (54). Hospitalized patients 
with diabetes presenting with deep 
ulcers and chronic infection while under 
antibiotic therapy are more likely to be 
infected by polymicrobial or antibiotic-re-
sistant flora, such as gram-positive cocci, 
enterococci, Pseudomonas aeruginosa, 
and Enterobacteriaceae (54). If extensive 
inflammation is observed or ischemia 
and necrosis are present, the infection 
may be caused by anaerobic streptococci, 
Clostridium, or Bacteroides species.

Superficial wound swab cultures are 
not reliable in establishing a pathogenic 
diagnosis and should not be used. Deep 
tissue cultures and bone biopsy can 
be obtained during debridement if 
deep tissue infection or osteomyelitis 
is suspected. Blood cultures can be 
performed if sepsis is suspected in the 
presence of severe systemic toxicity. In 
new analyses of NHDS 1999–2010 data 
for Diabetes in America, the percentage 
of hospital discharges listing osteomyelitis 
in patients diagnosed with diabetes was 
0.7% in 1999, peaked at 1.1% in 2006, 
and dropped to 0.9% in 2010 compared to 
0.1% in both 1999 and 2006 for patients 

without diabetes, with a slight increase 
to 0.2% in 2010 (Figure 30.15, Appendix 
30.2). Osteomyelitis should be suspected 
in patients with deep, chronic, nonhealing 
ulcers, exposed bone, or positive probe-
to-bone tests (54). Increased erythrocyte 
sedimentation rate can be suggestive 
of this complication as well. Serial plain 
radiograms, radioisotope scans, and 
magnetic resonance imaging (MRI) are 
radiological techniques that can be used 
to establish a diagnosis. MRI is the most 
sensitive diagnostic test, while a positive 
culture from a bone biopsy remains the 
gold standard for diagnosis (54). A multi-
specialty team, comprised of an infectious 
disease specialist, vascular/general 
surgeon, and an endocrinologist are 
necessary for optimal treatment of foot 
ulcers in individuals with diabetes. Initial 
empiric treatment with pathogen-specific 

antibiotic therapy (when culture results are 
available) and surgical debridement are 
acceptable treatment options depending 
on the severity of the disease. In severe 
cases (unsalvageable foot, untreatable 
infection, critically ischemic limb that 
cannot be adequately revascularized), 
amputation may need to be done.

Deep Subcutaneous Tissue Infections
The incidence of necrotizing soft-tissue 
infections in the United States is esti-
mated to be 500–1,500 cases per year 
(60). Among complicated skin and soft 
tissue infections, necrotizing fasciitis 
and Fournier’s gangrene are more prev-
alent in individuals with diabetes, and 
as many as 75% of those diagnosed 
with necrotizing fasciitis have diabetes 
(51). As seen in a new analysis of NHDS 
1999–2010 data for Diabetes in America, 

TABLE 30.4. Classification of Diabetic Foot Infections 

WAGNER CLASSIFICATION,  
1983 

INFECTIOUS DISEASES SOCIETY OF AMERICA (IDSA)  
CLASSIFICATION, 2012

PEDIS  
GRADE* 

Grade 0: No ulcer in high risk foot

Grade 1: Superficial ulcer involving the full skin 
thickness but no underlying tissue

Grade 2: Deep ulcer penetrating down to 
ligaments and muscle, but no bone involvement 
or abscess formation

Grade 3: Deep ulcer with cellulitis or abscess 
formation, often with osteomyelitis

Grade 4: Localized gangrene

Grade 5: Extensive gangrene involving the whole 
foot

Uninfected: Wound lacking purulence or any manifestations of inflammation.

Mild: Presence of ≥2 manifestations of inflammation (purulence, erythema, pain, tenderness, 
warmth, induration), but any cellulitis/erythema extends ≤2 cm around the ulcer, and 
infection is limited to the skin and subcutaneous tissues; no other complications or systemic 
illness.

Moderate: Presence of ≥1 of these characteristics: cellulitis extending >2 cm, lymphangitis 
streaking, spread beneath the superficial fascia, deep tissue abscess, gangrene, and 
involvement of muscle, tendon, joint, or bone. Patient is systemically well and metabolically 
stable.

Severe: Infection in patients with systemic toxicity or metabolic instability.

1 (uninfected)
2 (mild)
3 (moderate)
4 (severe)

* PEDIS (perfusion, extent/size, depth/tissue loss, infection, sensation), based on IDSA classification.

SOURCE: Reference 54

FIGURE 30.15. Age-Standardized Percent of Hospital Discharges Listing Osteomyelitis, by 
Diabetes Status, U.S., 1999–2010
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approximately 1% of patients with diabetes 
were discharged with Fournier’s gangrene 
as a diagnosis (Figure 30.16, Appendix 
30.2). This was not the case for those 
without diabetes, where <1% of the 
patients had Fournier’s gangrene listed as 
a diagnosis at hospital discharge (Figure 
30.16, Appendix 30.2). Among the patients 
included in the National Surgical Quality 
Improvement database in 2005–2008 
with necrotizing soft tissue infections, 
45% had diabetes (61). Necrotizing fasci-
itis is usually associated with moderate 
to severe systemic toxicity presenting 
with swelling, pain, and redness of the 
affected area. Monomicrobial necrotizing 
fasciitis is caused by one of the following: 
Staphylococcus pyogenes, Staphylococcus 
aureus, Vibrio vulnificus, and anaerobic 
streptococci. Polymicrobial necrotizing 
fasciitis can be caused by various 
anaerobic and aerobic organisms and is 
usually associated with abdominal trauma, 
abdominal surgery, decubitus ulcers, or 
vulvovaginal/perineal infections (62).

Progression of necrotizing fasciitis is fast, 
and it may present as bullae, wound, or 
eschar. Though crepitus on physical exam-
ination and gas detected by radiography 
are very useful signs, depending on the 
causative organisms, they are not always 
present. The absence of crepitus and 
gas should not delay surgical interven-
tion. Mortality remains high, especially 
in patients with hypotension and shock, 
and is between 12% and 70% (25,60,61). 
Data from the National Surgical Quality 
Improvement Program database between 
2005 and 2008 did not show diabetes as 
being a risk factor for mortality (61).

Fournier’s gangrene is one of the most 
common forms of necrotizing fasciitis 
in individuals with diabetes and involves 
mainly the male genitalia. Twenty to 
seventy percent of patients with this 
disease have diabetes, and the disease 
can be an initial presentation of diabetes, 
but it is still debatable whether diabetes 
is associated with increased mortality 
(51,63). Necrotizing infections involving 
muscles, such as Clostridial myonecrosis 
and non-Clostridial myonecrosis, have 
also been described in individuals with 

diabetes; however, it is not clear whether 
these infections occur more frequently in 
individuals with diabetes compared with 
the general population.

HOSPITAL-ACQUIRED INFECTIONS
Hyperglycemia, a manifestation of 
diabetes, results in immunosuppression, 
a state in which glycosylation endproducts 
are associated with inactivation of the 
immune response and contribute to an 
increased risk of infection (64), especially 
in hospitalized individuals.

Among individuals with diabetes, acute 
illness is associated with worsening of 
glycemic control. Many studies have 
attempted to evaluate the relationship 
between diabetes status, the level of 
hyperglycemia, and clinical outcomes, 
but results are variable and not consistent. 
This is likely due to differences in patient 
selection and methodology. New anal-
yses of national data (NHDS) are shown 
in Figure 30.7 and Appendices 30.2, 
30.4, and 30.5. Figure 30.7 compares 
age-standardized percentages of hospital 
discharges listing hospital-acquired infec-
tions by diabetes status. In individuals with 
diabetes, approximately 3.2% of discharge 
summaries listed hospital-acquired infec-
tion as a diagnosis compared to 2.4% 
in individuals without diabetes in 1999. 
By 2010, the percentage of individuals 
with diabetes who had a hospital-acquired 
infection listed as a discharge diagnosis 

decreased to 2.8%, and the discharge 
diagnosis of hospital-acquired infections 
in individuals without diabetes nearly 
doubled to 4.1%. Summarily, in 1999, 
for a greater percentage of individuals 
with diabetes, hospital-acquired infections 
were listed at hospital discharge, but this 
percentage trended down by 2010 to 
ultimately be less than the percentage 
of hospital-acquired infections listed at 
discharge for individuals without diabetes 
(Appendix 30.2). Similarly, this trend was 
observed in individuals with sepsis listed 
at hospital discharge (Appendix 30.4). 
Hospital discharges listing postoperative 
wound infections in individuals with and 
without diabetes between 1999 and 
2010 were similar (<1%) with a slight peak 
to 0.8% in individuals with diabetes in 
2003 compared to individuals without 
(Appendix 30.5).

In the study of patients with type 2 
diabetes admitted into acute medical 
wards, diabetes was associated with 
the development of hospital-acquired 
Clostridium difficile infection (65). The 
patients were younger (mean 53.8 
years, p=0.02) and had diarrhea and 
abdominal pain (p=0.001), but lacked 
fever (65). Developing Clostridium difficile 
was significantly associated with sepsis 
(p=0.02) and use of a proton pump inhib-
itor medication (p=0.01) (65). Additionally, 
antibiotic therapy with carbapenem (28.6% 
vs. 4.1%, p=0.01) and metronidazole 

FIGURE 30.16. Age-Standardized Percent of Hospital Discharges Listing Fournier’s 
Gangrene, by Diabetes Status, U.S., 1999–2010
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(42.9% vs. 19.3%, p=0.04) was signifi-
cantly associated with hospital-acquired 
Clostridium difficile infection (65). In a 
study to assess the impact of A1c and 
diabetes on wound-healing complications 
and infection after foot and ankle surgery, 
A1c level was significantly associated 
with postoperative infections, with each 
increment of 1% increasing the odds of 
developing an infection 1.59-fold (95% CI 
1.28–1.99) (66). A1c, the marker used to 
assess glycemic control over a 3-month 
period, was significantly associated with 
postoperative complications following 
foot and ankle surgery in patients with 
diabetes.

Studies investigating patients after coro-
nary artery bypass grafting surgery show 
that patients experiencing postoperative 
hyperglycemia had a higher risk of devel-
oping surgical site infections (67). In this 
study, high preoperative mean glucose 
levels were the main risk factor for the 
development of postoperative infection 
(p=0.012 and p=0.028 for the mean 
glucose levels 1 and 2 days before opera-
tion, respectively). For those with diabetes, 
5% were diagnosed with postoperative 
infection (superficial sternal wound in 
0.75%, vein donor site infection in 1%, 
mediastinitis in 1.25%, UTI in 1.5%, and 
lung infection in 0.5% of patients). They 
also had significantly higher prevalences 
compared to persons without diabetes 
of mediastinitis, vein donor site infection, 
UTI, and total infections (p<0.05). Another 
study showed that patients with diabetes 
who have sinus surgery for chronic 
rhinosinusitis are more prone to infections. 
Compared to patients without diabetes, 
patients with diabetes were significantly 
more likely to development infections due 
to Pseudomonas aeruginosa (26.32% vs. 
7.56%, p=0.004) and gram negative rods 
(26.32% vs. 8.96%, p=0.013) (68). Among 
diabetes patients who underwent elective 
lumbar fusion surgery, another study 
determined the effect of non-insulin-de-
pendent diabetes and insulin-dependent 
diabetes on postoperative complications 
(69). Having a diagnosis of type 1 diabetes 
(formerly known as insulin-dependent 
diabetes mellitus or IDDM) was signifi-
cantly associated with postoperative 

complications, including sepsis (RR 2.2, 
p=0.002), septic shock (RR 3.3, p=0.032), 
wound-related infection (RR 1.9, p=0.001), 
UTI (RR 1.6, p=0.011), and pneumonia 
(RR 3.1, p<0.001), compared to a diag-
nosis of type 2 diabetes (formerly known 
as non-insulin-dependent diabetes 
mellitus or NIDDM) (69). Similarly, in a 
study to examine the differential impact 
of no diabetes, type 2 diabetes (NIDDM), 
and type 1 diabetes (IDDM) on breast 
reconstruction outcomes, the rates of 
medical (such as UTI and sepsis/septic 
shock), surgical (such as superficial, deep, 
and organ-space surgical site infections), 
and overall complications (medical plus 
surgical) were significantly higher in 
individuals having a diagnosis of diabetes 
(regardless of being diagnosed with 
type 1 or type 2 diabetes). Having type 2 
diabetes (NIDDM) was significantly associ-
ated with surgical complications (OR 1.51, 
95% CI 1.05–2.17, p=0.026) compared 
to type 1 diabetes (IDDM) and not having 
diabetes, while type 1 diabetes was signifi-
cantly associated with medical (OR 1.82, 
95% CI 1.00–3.29, p=0.049) and overall 
(OR 1.85, 95% CI 1.12–3.06, p=0.016) 
complications compared to having type 2 
diabetes or no diabetes (70).

Multiple studies have tested whether 
interventions to normalize glucose level in 
hospitalized patients improve outcomes, 
but results from data collected over 
the past few decades conflict. In 1999, 
Furnary et al. demonstrated that intensive 
treatment with an intravenous insulin 
infusion decreased the incidence of deep 
sternal wound infection in patients after 
coronary bypass graft surgery to 0.8% 
compared to 2% among the conventionally 
treated group (p=0.01) (71). Consequently, 
more studies are needed to investigate 
whether glycemic control is beneficial 
in prevention or control of infections 
and at what glycemic levels benefits are 
maximized, especially for individuals with 
diabetes.

PERIODONTAL DISEASE
Studies have not established that peri-
odontal disease is more prevalent among 
individuals with diabetes, but disease 
severity and complication rates are 

greater (72,73). In 2006, a meta-analysis 
of 23 studies showed that individuals 
with diabetes had worse oral hygiene 
measured by the average of plaque index, 
higher severity of gingival disease, and 
higher severity of periodontal disease 
(measured by the average probing pocket 
depth and clinical attachment loss) (72). 
The studies included in the meta-analysis 
differed by sample characteristics (i.e., 
age, type of diabetes, etc.) and study 
design (i.e., proposed outcome vari-
ables and other matching and adjusted 
covariates) (72). Diabetic microvascular 
disease, increased salivary glucose levels, 
and decreased salivary pH, as well as 
impaired collagen metabolism, have been 
studied as potential risk factors (2). The 
impact of periodontal disease treatment 
on glycemic control has not been clearly 
established (73). Additional discussion of 
periodontal disease in diabetes is provided 
in Chapter 31 Oral Health and Diabetes.
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INFECTIONS ASSOCIATED WITH DIABETES

MALIGNANT OTITIS EXTERNA
Malignant or invasive otitis externa (MOE) 
is an infection of the external auditory 
canal and skull base. It is an uncommon, 
though potentially life-threatening, 
disease. The true incidence of MOE is 
unknown, as only case reports have been 
published. MOE most likely affects older 
patients with diabetes and other immune 
system-compromising diseases. Studies 
have found that 65%–100% of patients 
with MOE have diabetes (74). Interestingly, 
MOE is rarely reported to affect children 
with diabetes, prompting the thought that 
the prolonged course and complications 
of diabetes are the most important predis-
posing factors. In individuals with diabetes, 
small vessel angiopathy, the decreased 
function of polymorphonuclear cells, such 
as impaired chemotaxis and phagocytosis, 
and the higher pH of cerumen have been 
reported to be pathogenic factors (74,75). 
Pseudomonas aeruginosa is the most 
common causative organism, though 
other bacteria, such as Staphylococcus 
aureus, Staphylococcus epidermidis, and 
other gram-negative bacteria, and fungi 
have been reported as well.

MOE presents with severe pain, otorrhea, 
and hearing loss. Diagnosis is made by 
recognition of clinical symptoms and signs, 
obtaining laboratory data supporting 
the presence of infection, and obtaining 
imaging studies showing the involvement 
of bony structures. Though CT scanning 
and MRI are used, nuclear imaging has 
proven to be superior in the diagnosis 
and follow-up of patients with MOE (53). 
Timely diagnosis, aggressive hypergly-
cemia treatment, and the appropriate 
selection of antibiotic therapy are required 
to achieve a positive outcome, as the 
mortality rate is as high as 50% (74).

RHINOCEREBRAL MUCORMYCOSIS
Mucormycosis is a collection of angioin-
vasive infections caused by fungi of the 
Mucoraceae family. Though true estima-
tion of prevalence is clouded by the lack 
of well-collected data, mucormycosis 
appears to represent only 8.3%–13% 
of all fungal infections, including candi-
diasis and aspergillosis, remaining 

rare and uncommon, even in high-risk 
individuals (76). The largest registry 
of mucormycosis cases found that 9% 
of 230 cases from 2005–2007 were 
among patients with diabetes, though a 
majority (>50%) were attributed to those 
with hematologic malignancies (44%) 
and trauma (15%). Uncontrolled diabetes 
and especially ketoacidosis are predis-
posing factors for this infection. Though 
mucormycosis is an uncommon disease, 
mortality rates among individuals with 
diabetes are as high as 44% (77).

Among all clinical forms of mucormycosis 
(pulmonary, cutaneous, gastrointestinal, 
etc.), the rhinocerebral form is most 
common in patients with diabetes (76). As 
many as 36% of patients presenting with 
rhinocerebral mucormycosis have diabetes 
(77). Early on, the disease presents with 
facial and ocular pain, nasal congestion, 
and occasionally, nasal discharge and 
may be difficult to differentiate from 
sinusitis. The disease progresses to cause 
severe facial pain, proptosis, cranial nerve 
palsies, headache, and vision loss. A black 
necrotic eschar may be present, but it need 
not be present for diagnosis. Due to the 
rapid progression and increased mortality 
rate associated with this infection, early 
diagnosis is of paramount importance. CT 
imaging and MRI are used to determine 
the extent of bony, soft tissue, and cerebral 
invasion. Direct tissue sampling may also 

be necessary for diagnosis. The control of 
hyperglycemia and acidosis, aggressive 
surgical debridement, and intravenous 
amphotericin B are the most important 
factors in reducing mortality rates.

EMPHYSEMATOUS CHOLECYSTITIS
Emphysematous cholecystitis (EC) is a 
life-threatening form of acute cholecys-
titis caused by gas-producing bacteria, 
most commonly those of the Clostridium 
species, though other bacteria, such 
as Escherichia coli, Pseudomonas, 
and Klebsiella, have been reported as 
well (78,79). New analyses of hospital 
discharge listings from NHDS 1999–
2010 data for those with and without 
diabetes demonstrated a slightly higher 
percentage of individuals with diabetes 
listing EC (Figure 30.17, Appendix 30.2). 
The percentage of hospital discharges 
listing EC in individuals with diabetes 
ranged from 0.1% in 1999 to 0.3% in 
2010 compared to 0.1% in both 1999 
and 2010 for individuals without diabetes. 
Approximately 25%–35% of patients 
with EC have diabetes (18,78). The risk 
of complications, such as gangrene and 
perforation, is higher in patients with EC 
compared with non-emphysematous 
cholecystitis, which results in correspond-
ingly higher mortality (15% compared 
to 4% in patients with acute, non-em-
physematous cholecystitis) (79). Clinical 
presentation is not different from the 

FIGURE 30.17. Age-Standardized Percent of Hospital Discharges Listing Emphysematous 
Cholecystitis, by Diabetes Status, U.S., 1999–2010 
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presentation of acute, non-emphysema-
tous cholecystitis. Crepitus on abdominal 
palpation can be present in some patients 
and is a pathognomonic sign. Diagnosis 
is based on radiographic findings of gas 
in the gallbladder wall or lumen. Plain 
radiography, CT scanning, and abdominal 
ultrasound can be used for diagnosis. 
Treatment includes urgent cholecystec-
tomy and the administration of broad 
spectrum antibiotics.

GROUP B STREPTOCOCCUS 
INFECTIONS
Group B Streptococcus (GBS) is a 
gram-positive coccus that normally 
resides in the human genital and gastro-
intestinal tracts and can also be present 
in the upper respiratory tract of young 
infants. In the past, GBS infections were 
the leading cause of meningitis and 
sepsis in the first week of life, but since 
1990, there has been an increase in the 
rate of this infection among nonpregnant 
adults (80,81). A study of GBS-infected 
nonpregnant adults from 1990–2007 
observed that the incidence among this 
demographic group increased from 
3.6 cases per 100,000 to 7.3 cases per 
100,000 during the study period (81). 

Adults with this infection are more likely 
to have underlying diseases, including: 
cancer, heart failure, cirrhosis, peripheral 
vascular disease, neurogenic bladder, HIV, 
and diabetes (81,82). Depending on the 
population studied, diabetes is the most 
common comorbidity, being present 
in 13.3%–44.4% of patients (81,82,83). 
Prevalence of diabetes among patients 
with GBS infections in the United States 
increased from 36.5% in 1998 to 44.4% in 
2007 (81). In the United States, serotypes 
Ia, Ib/c, Ia/c, II, III, and V are the most 
common (62), with serotypes Ia, II, III, 
and V accounting for 78.5% of isolates in 
2005–2006 (81).

Invasive GBS infection can have variable 
clinical manifestations. Bacteremia 
without a source is responsible for about 
24%–39.3% of cases, skin and soft tissue 
infections for 20.1%–25.5%, respiratory 
infections for 12%, genitourinary infections 
for 10%, and joint and bone infections 
account for 8% of cases. Infections such 
as endocarditis, meningitis, intravascular 
device infections, necrotizing fasciitis, and 
endophthalmitis occur less frequently 
(81,82,83). Individuals with diabetes are 
more likely to present with skin and soft 

tissue infections, osteomyelitis, and necro-
tizing fasciitis (81). New analyses of NHDS 
data demonstrate that a range of 8%–10% 
of individuals with diabetes had hospital 
discharges listing skin and soft tissue 
connective tissue infections between 
1999 and 2010 compared to 3%–4% in 
individuals without diabetes during that 
same time period (Figure 30.6, Appendix 
30.2). New analyses of NHDS data also 
show that a greater percentage of individ-
uals with diabetes had osteomyelitis listed 
as a hospital discharge diagnosis between 
1999 and 2010 compared to those without 
diabetes (Figure 30.15, Appendix 30.2).

Patients with diabetes have a higher risk 
for alterations in the skin and mucosal 
tissues, likely due to lymphatic and 
vascular insufficiency, and impaired 
immune response with chronic hyper-
glycemia and, thus, are at higher risk 
for invasive disease from GBS (82). 
Immunologic factors among individuals 
with diabetes, such as a decreased 
production of superoxidase during stim-
ulation with GBS serotype III and poor 
opsonophagocytosis to serotype II, may 
explain the increase in GBS infection 
rates.

DIABETES AND TUBERCULOSIS

The association between diabetes and 
tuberculosis (TB) is well recognized, and 
TB continues to be among the most 
common causes of death in low- or 
middle-income countries (84). The rise in 
incidence of type 2 diabetes in the world 
and the continuous presence of TB as a 
serious health threat make the association 
between these diseases an important 
problem to study and address. In 2011, 
there were 366 million people affected 
by diabetes and 12 million TB cases in 
the world (85). Ninety-five percent of TB 
patients live in developing countries, and 
79% of diabetic patients also reside in low- 
to middle-income countries (85).

Most evidence regarding diabetes as a 
risk factor for TB comes from case-control 
studies conducted worldwide. The overall 
relative risk of having active TB in patients 
with diabetes is in the range of 1.16 to 

7.83 compared to those without diabetes 
(84,85,86). In a review of 30 studies, 
TB was prevalent in 1.7%–36% of persons 
with diabetes (85,87). A systemic review 
of studies, conducted according to the 
Meta-analysis Of Observational Studies in 
Epidemiology (MOOSE) guidelines, and a 
subsequent random effects meta-analysis 
of 13 cohort studies showed that diabetes 
was associated with an increased risk 
of TB (RR 3.11, 95% CI 2.27–4.26). The 
relative risk was lower (1.46) in individuals 
with diabetes in North America than those 
of other countries (RRCentralAm 6.00, RREurope 
4.40, RRAsia 3.11 compared to North 
America, meta-regression pCentralAm=0.006, 
pEurope=0.004, pAsia=0.03) (88).

Patients with diabetes are more likely to 
present with the infection affecting the lower 
lung (84), while also being more likely to have 
multilobar disease and pleural effusion (2). 

Studies suggest that individuals with 
diabetes respond to TB treatment, and they 
are not more likely to develop multidrug 
resistance (2,84); however, the relapse 
rate is four times greater than in individ-
uals without diabetes (86). Treatment for 
TB can cause additional morbidity in indi-
viduals with diabetes: hyperglycemia can 
worsen during acute infection, isoniazid can 
worsen peripheral neuropathy, and rifam-
picin can reduce the efficacy of sulfonylurea 
drugs. Death is also more common among 
individuals with diabetes and TB. Data 
from Maryland showed that among people 
infected with TB, individuals with diabetes 
were 6.5–6.7 times more likely to die 
compared to controls without diabetes (84).

Many studies in animal models, as well 
as human subjects, have investigated 
potential biologic mechanisms for the 
causal association between diabetes and 
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the increased risk for TB. Available data 
show that the bacterial load is higher in 
subjects with diabetes, and they have 
decreased T helper 1 adaptive immunity 
due to lower production of interferon-γ, 
interleukin-12, and nitric oxide (84,88). 
Also, monocytes from individuals with 
diabetes have impaired chemotaxis, and 
alveolar macrophages have decreased 
hydrogen peroxidase production that 
result in less oxidative killing potential and 
decreased phagocytosis (84,88). Vitamin 
D deficiency has been shown to affect 

immunity against Mycobacterium tuber-
culosis in mice (89) and was shown to be 
prevalent in human patients with TB (90). 
The above data suggest that there is a 
causal relationship between diabetes and 
TB and that hyperglycemia and its effect 
on physical barriers and immune function 
play a major role (85).

There is also the question whether TB 
can lead to hyperglycemia and diabetes. 
Patients with TB have higher rates 
of impaired glucose tolerance than 

community controls (84). Metabolic 
decompensation due to infection and 
infection-induced insulin resistance can 
cause transient hyperglycemia (85). At this 
point, it is still not clear whether persistent 
impaired glucose tolerance and even 
diabetes are truly caused by TB or if these 
diseases are newly diagnosed due to 
receiving medical care for TB (84).

CONCLUSION

This chapter presents a broad overview 
of infections associated with diabetes by 
examining the link between diabetes and 
the risk of infection in persons with and 
without this metabolic disease. Evidence 

has shown several infections and caus-
ative organisms to be more prevalent 
in individuals diagnosed with diabetes; 
however, no infection appears to occur 
exclusively in individuals with diabetes. 

Additional scientific evidence is needed to 
examine the association between diabetes 
and infectious processes.

LIST OF ABBREVIATIONS

A1c . . . . . . . glycosylated hemoglobin
AOR . . . . . . adjusted odds ratio
CI . . . . . . . . confidence interval
CT  . . . . . . . computed tomography
EC . . . . . . . emphysematous cholecystitis
GBS . . . . . . group B Streptococcus infections
HIV . . . . . . . human immunodeficiency virus
IDDM . . . . . insulin-dependent diabetes mellitus
MOE . . . . . . malignant otitis externa
MRI . . . . . . magnetic resonance imaging
NAMCS . . . National Ambulatory Medical Care Survey
NCHS . . . . . National Center for Health Statistics

NHDS  . . . . National Hospital Discharge Survey
NIDDM . . . . non-insulin-dependent diabetes mellitus
NNHS  . . . . National Nursing Home Survey
NVSS . . . . . National Vital Statistics System
OR . . . . . . . odds ratio
RR . . . . . . . relative risk
TB  . . . . . . . tuberculosis
UroEDIC  . . a urologic complications ancillary study of 

the Epidemiology of Diabetes Interventions and 
Complications Study

UTI . . . . . . . urinary tract infection

ACKNOWLEDGMENTS/FUNDING

Dr. Egede was supported by a grant from the National Institute of Diabetes and 
Digestive and Kidney Diseases (DK093699).

DUALITY OF INTEREST

Drs. Egede, Hull, and Williams 
reported no conflicts of interest.



Infections Associated With Diabetes

30–19

REFERENCES

1 . Dooley KE, Chaisson RE: Tuberculosis and 
diabetes mellitus: convergence of two 
epidemics. Lancet Infect Dis 9:737–746, 
2009

2 . Peleg AY, Weerarathna T, McCarthy JS, 
Davis TM: Common infections in diabetes: 
pathogenesis, management and relation-
ship to glycaemic control. Diabetes Metab 
Res Rev 23:3–13, 2007

3 . Casqueiro J, Casqueiro J, Alves C: 
Infections in patients with diabetes 
mellitus: a review of pathogenesis. Indian 
J Endocrinol Metab 16(Suppl 1):S27–S36, 
2012

4 . Richard JL, Lavigne JP, Sotto A: Diabetes 
and foot infection: more than double 
trouble. Diabetes Metab Res Rev 
28(Suppl 1):46–53, 2012

5 . Ronald A, Ludwig E: Urinary tract 
infections in adults with diabetes. Int J 
Antimicrob Agents 17:287–292, 2001

6 . Delamaire M, Maugendre D, Moreno 
M, Le Goff MC, Allannic H, Genetet B: 
Impaired leukocyte functions in diabetic 
patients. Diabet Med 14:29–34, 1997

7 . Ferguson BJ: Mucormycosis of the nose 
and paranasal sinuses. Otolaryngol Clin 
North Am 33:349–365, 2000

8 . Smith SA, Poland GA; American Diabetes 
Association: Influenza and pneumococcal 
immunization in diabetes. Diabetes Care 
27(Suppl 1):S111–S113, 2004

9 . Diepersloot RJ, Bouter KP, Hoekstra JB: 
Influenza infection and diabetes mellitus. 
Case for annual vaccination. Diabetes 
Care 13:876–882, 1990

10 . Heymann AD, Shapiro Y, Chodick G, 
Shalev V, Kokia E, Kramer E, Shemer 
J: Reduced hospitalizations and death 
associated with influenza vaccination 
among patients with and without diabetes. 
Diabetes Care 27:2581–2584, 2004

11 . Remschmidt C, Wichmann O, Harder T: 
Vaccines for the prevention of seasonal 
influenza in patients with diabetes: 
systematic review and meta-analysis. 
BMC Med 13:53, 2015

12 . Mertz D, Kim TH, Johnstone J, Lam PP, 
Science M, Kuster SP, Fadel SA, Tran 
D, Fernandez E, Bhatnagar N, Loeb M: 
Populations at risk for severe or compli-
cated influenza illness: a systematic 
review and meta-analysis. BMJ 347:f5061, 
2013

13 . Kornum JB, Thomsen RW, Riis A, Lervang 
HH, Schonheyder HC, Sorensen HT: 
Diabetes, glycemic control, and risk of 
hospitalization with pneumonia: a popu-
lation-based case-control study. Diabetes 
Care 31:1541–1545, 2008

14 . Lovering AM, MacGowan AP, Anderson P, 
Irwin D: Epidemiology and resource utili-
zation for patients hospitalized for lower 
respiratory tract infection. Clin Microbiol 
Infect 7:666–670, 2001

15 . Kornum JB, Thomsen RW, Riis A, Lervang 
HH, Schonheyder HC, Sorensen HT: Type 
2 diabetes and pneumonia outcomes: a 
population-based cohort study. Diabetes 
Care 30:2251–2257, 2007

16 . Muller LM, Gorter KJ, Hak E, Goudzwaard 
WL, Schellevis FG, Hoepelman AI, Rutten 
GE: Increased risk of common infec-
tions in patients with type 1 and type 2 
diabetes mellitus. Clin Infect Dis 41:281–
288, 2005

17 . Winterbauer RH, Bedon GA, Ball WC, 
Jr.: Recurrent pneumonia. Predisposing 
illness and clinical patterns in 158 
patients. Ann Intern Med 70:689–700, 
1969

18 . Joshi N, Caputo GM, Weitekamp MR, 
Karchmer AW: Infections in patients 
with diabetes mellitus. N Engl J Med 
341:1906–1912, 1999

19 . Chin-Hong PV: Infections in patients with 
diabetes mellitus: importance of early 
recognition, treatment, and prevention. 
Adv Stud Med 6:71–81, 2006

20 . Boyko EJ, Fihn SD, Scholes D, Abraham L, 
Monsey B: Risk of urinary tract infection 
and asymptomatic bacteriuria among 
diabetic and nondiabetic postmenopausal 
women. Am J Epidemiol 161:557–564, 
2005

21 . Boyko EJ, Fihn SD, Scholes D, Chen CL, 
Normand EH, Yarbro P: Diabetes and the 
risk of acute urinary tract infection among 
postmenopausal women. Diabetes Care 
25:1778–1783, 2002

22 . Hirji I, Guo Z, Andersson SW, Hammar N, 
Gomez-Caminero A: Incidence of urinary 
tract infection among patients with type 
2 diabetes in the UK General Practice 
Research Database (GPRD). J Diabetes 
Complications 26:513–516, 2012

23 . Geerlings SE: Urinary tract infections in 
patients with diabetes mellitus: epidemi-
ology, pathogenesis and treatment. Int J 
Antimicrob Agents 31(Suppl 1):S54–S57, 
2008

24 . Geerlings SE, Brouwer EC, Gaastra 
W, Verhoef J, Hoepelman AI: Effect of 
glucose and pH on uropathogenic and 
non-uropathogenic Escherichia coli: 
studies with urine from diabetic and 
non-diabetic individuals. J Med Microbiol 
48:535–539, 1999

25 . Czaja CA, Rutledge BN, Cleary PA, Chan 
K, Stapleton AE, Stamm WE; Diabetes 
Control and Complications Trial/
Epidemiology of Diabetes Interventions 
and Complications Research Group: 
Urinary tract infections in women with 
type 1 diabetes mellitus: survey of female 
participants in the Epidemiology of 
Diabetes Interventions and Complications 
study cohort. J Urol 181:1129–1134, 
2009

26 . Nicolle LE, Friesen D, Harding GK, Roos 
LL: Hospitalization for acute pyelone-
phritis in Manitoba, Canada, during the 
period from 1989 to 1992: impact of 
diabetes, pregnancy, and aboriginal 
origin. Clin Infect Dis 22:1051–1056, 
1996

27 . Nicolle LE, Bradley S, Colgan R, Rice 
JC, Schaeffer A, Hooton TM; Infectious 
Diseases Society of America; American 
Society of Nephrology; American Geriatric 
Society: Infectious Diseases Society of 
America guidelines for the diagnosis and 
treatment of asymptomatic bacteriuria in 
adults. Clin Infect Dis 40:643–654, 2005

28 . Colgan R, Nicolle LE, McGlone A, Hooton 
TM: Asymptomatic bacteriuria in adults. 
Am Fam Physician 74:985–990, 2006

29 . Papazafiropoulou A, Daniil I, Sotiropoulos 
A, Balampani E, Kokolaki A, Bousboulas 
S, Konstantopoulou S, Skliros E, 
Petropoulou D, Pappas S: Prevalence 
of asymptomatic bacteriuria in type 2 
diabetic subjects with and without micro-
albuminuria. BMC Res Notes 3:169, 2010

30 . Zhanel GG, Harding GK, Nicolle LE: 
Asymptomatic bacteriuria in patients with 
diabetes mellitus. Rev Infect Dis 13:150–
154, 1991

31 . Calvet HM, Yoshikawa TT: Infections 
in diabetes. Infect Dis Clin North Am 
15:407–421, 2001

32 . Geerlings SE, Stolk RP, Camps MJ, 
Netten PM, Hoekstra JB, Bouter KP, 
Bravenboer B, Collet JT, Jansz AR, 
Hoepelman AI: Asymptomatic bacteriuria 
may be considered a complication in 
women with diabetes. Diabetes Mellitus 
Women Asymptomatic Bacteriuria 
Utrecht Study Group. Diabetes Care 
23:744–749, 2000

33 . Zhanel GG, Nicolle LE, Harding GK: 
Untreated asymptomatic bacteriuria 
(ABU) in women with diabetes mellitus 
(WWDM) is associated with high rates of 
pyelonephritis (P). Presented at the 39th 
Interscience Conference on Antimicrobial 
Agents and Chemotherapy, San Francisco, 
CA, September 26, 1999



30–20

DIABETES IN AMERICA, 3rd Edition

34 . Geerlings SE, Stolk RP, Camps MJ, 
Netten PM, Collet JT, Hoepelman AI: 
Asymptomatic bacteriuria in diabetic 
females precedes symptomatic urinary 
tract infection. Presented at the 39th 
Interscience Conference on Antimicrobial 
Agents and Chemotherapy, San Francisco, 
CA, September 26, 1999

35 . Harding GK, Zhanel GG, Nicolle LE, 
Cheang M; Manitoba Diabetes Urinary 
Tract Infection Study Group: Antimicrobial 
treatment in diabetic women with 
asymptomatic bacteriuria. N Engl J Med 
347:1576–1583, 2002

36 . Ooi ST, Frazee LA, Gardner WG: 
Management of asymptomatic bacteriuria 
in patients with diabetes mellitus. Ann 
Pharmacother 38:490–493, 2004

37 . Shah BR, Hux JE: Quantifying the risk 
of infectious diseases for people with 
diabetes. Diabetes Care 26:510–513, 
2003

38 . Coelho RF, Schneider-Monteiro ED, 
Mesquita JL, Mazzucchi E, Marmo Lucon 
A, Srougi M: Renal and perinephric 
abscesses: analysis of 65 consecutive 
cases. World J Surg 31:431–436, 2007

39 . Carton JA, Maradona JA, Nuno FJ, 
Fernandez-Alvarez R, Perez-Gonzalez F, 
Asensi V: Diabetes mellitus and bacte-
raemia: a comparative study between 
diabetic and non-diabetic patients. Eur J 
Med 1:281–287, 1992

40 . Mnif MF, Kamoun M, Kacem FH, Bouaziz 
Z, Charfi N, Mnif F, Naceur BB, Rekik 
N, Abid M: Complicated urinary tract 
infections associated with diabetes 
mellitus: pathogenesis, diagnosis and 
management. Indian J Endocrinol Metab 
17:442–445, 2013

41 . Lin WR, Chen M, Hsu JM, Wang CH: 
Emphysematous pyelonephritis: patient 
characteristics and management 
approach. Urol Int 93:29–33, 2014

42 . Ko MC, Liu CC, Liu CK, Woung LC, Chen 
HF, Su HF, Li CY: Incidence of renal and 
perinephric abscess in diabetic patients: 
a population-based national study. 
Epidemiol Infect 139:229–235, 2011

43 . Van Hattem S, Bootsma AH, Thio HB: 
Skin manifestations of diabetes. Cleve 
Clin J Med 75:772, 774, 776–777, 2008

44 . Hostetter MK: Handicaps to host defense. 
Effects of hyperglycemia on C3 and Candida 
albicans. Diabetes 39:271–275, 1990

45 . Vazquez JA, Sobel JD: Fungal infections 
in diabetes. Infect Dis Clin North Am 
9:97–116, 1995

46 . Sobel JD: Epidemiology and pathogenesis 
of recurrent vulvovaginal candidiasis. Am 
J Obstet Gynecol 152:924–935, 1985

47 . Sreedevi C, Car N, Pavlic-Renar I: 
Dermatologic lesions in diabetes mellitus. 
Diabetologia Croatica 31:147–159, 2002

48 . Nyirjesy P, Sobel JD: Genital mycotic 
infections in patients with diabetes. 
Postgrad Med 125:33–46, 2013

49 . Hirji I, Andersson SW, Guo Z, Hammar 
N, Gomez-Caminero A: Incidence of 
genital infection among patients with 
type 2 diabetes in the UK General 
Practice Research Database. J Diabetes 
Complications 26:501–505, 2012

50 . Faergemann J, Baran R: Epidemiology, 
clinical presentation and diagnosis of 
onychomycosis. Br J Dermatol 149(Suppl 
65):1–4, 2003

51 . Rajagopalan S: Serious infections in 
elderly patients with diabetes mellitus. 
Clin Infect Dis 40:990–996, 2005

52 . Suaya JA, Eisenberg DF, Fang C, Miller LG: 
Skin and soft tissue infections and associ-
ated complications among commercially 
insured patients aged 0–64 years with 
and without diabetes in the U.S. PLoS 
One 8:e60057, 2013

53 . Dryden MS: Skin and soft tissue infec-
tions: microbiology and epidemiology. Int 
J Antimicrob Agents 34(Suppl 1):S2–S7, 
2009

54 . Lipsky BA, Berendt AR, Cornia PB, Pile 
JC, Peters EJ, Armstrong DG, Deery 
HG, Embil JM, Joseph WS, Karchmer 
AW, Pinzur MS, Senneville E; Infectious 
Diseases Society of America: 2012 
Infectious Diseases Society of America 
clinical practice guideline for the diagnosis 
and treatment of diabetic foot infections. 
Clin Infect Dis 54:e132–e173, 2012

55 . Boulton AJ, Armstrong DG, Albert SF, 
Frykberg RG, Hellman R, Kirkman MS, 
Lavery LA, LeMaster JW, Mills JL, Sr., 
Mueller MJ, Sheehan P, Wukich DK; 
American Diabetes Association; American 
Association of Clinical Endocrinologists: 
Comprehensive foot examination and 
risk assessment: a report of the Task 
Force of the Foot Care Interest Group 
of the American Diabetes Association, 
with endorsement by the American 
Association of Clinical Endocrinologists. 
Diabetes Care 31:1679–1685, 2008

56 . Fowler MJ: Microvascular and macrovas-
cular complications of diabetes. Clinical 
Diabetes 26:77–82, 2008

57 . Lipsky BA, Moran GJ, Napolitano LM, Vo 
L, Nicholson S, Kim M: A prospective, 
multicenter, observational study of 
complicated skin and soft tissue infec-
tions in hospitalized patients: clinical 
characteristics, medical treatment, and 
outcomes. BMC Infect Dis 12:227, 2012

58 . Gupta SK, Singh SK: Diabetic foot: a 
continuing challenge. Adv Exp Med Biol 
771:123–138, 2012

59 . Gibbons GW, Shaw PM: Diabetic vascular 
disease: characteristics of vascular 
disease unique to the diabetic patient. 
Semin Vasc Surg 25:89–92, 2012

60 . Anaya DA, Dellinger EP: Necrotizing 
soft-tissue infection: diagnosis and 
management. Clin Infect Dis 44:705–710, 
2007

61 . Mills MK, Faraklas I, Davis C, Stoddard 
GJ, Saffle J: Outcomes from treatment 
of necrotizing soft-tissue infections: 
results from the National Surgical Quality 
Improvement Program database. Am J 
Surg 200:790–796, 2010

62 . Stevens DL, Bisno AL, Chambers HF, 
Everett ED, Dellinger P, Goldstein EJ, 
Gorbach SL, Hirshmann JV, Kaplan 
EL, Montoya JG, Wade JC; Infectious 
Diseases Society of America: Practice 
guidelines for the diagnosis and manage-
ment of skin and soft-tissue infections. 
Clin Infect Dis 41:1373–1406, 2005

63 . Shyam DC, Rapsang AG: Fournier’s 
gangrene. Surgeon 11:222–232, 2013

64 . McKane CK, Marmarelis M, Mendu ML, 
Moromizato T, Gibbons FK, Christopher 
KB: Diabetes mellitus and communi-
ty-acquired bloodstream infections in the 
critically ill. J Crit Care 29:70–76, 2014

65 . Hassan SA, Rahman RA, Huda N, Wan 
Bebakar WM, Lee YY: Hospital-acquired 
Clostridium difficile infection among 
patients with type 2 diabetes mellitus in 
acute medical wards. J R Coll Physicians 
Edinb 43:103–107, 2013

66 . Humphers JM, Shibuya N, Fluhman BL, 
Jupiter D: The impact of glycosylated 
hemoglobin and diabetes mellitus on 
wound-healing complications and infec-
tion after foot and ankle surgery. J Am 
Podiatr Med Assoc 104:320–329, 2014

67 . Guvener M, Pasaoglu I, Demircin M, Oc 
M: Perioperative hyperglycemia is a 
strong correlate of postoperative infection 
in type II diabetic patients after coronary 
artery bypass grafting. Endocr J 49:531–
537, 2002

68 . Zhang Z, Adappa ND, Lautenbach E, Chiu 
AG, Doghramji L, Howland TJ, Cohen 
NA, Palmer JN: The effect of diabetes 
mellitus on chronic rhinosinusitis and 
sinus surgery outcome. Int Forum Allergy 
Rhinol 4:315–320, 2014

69 . Golinvaux NS, Varthi AG, Bohl DD, 
Basques BA, Grauer JN: Complication 
rates following elective lumbar fusion 
in patients with diabetes: insulin depen-
dence makes the difference. Spine (Phila 
Pa 1976) 39:1809–1816, 2014



Infections Associated With Diabetes

30–21

70 . Qin C, Vaca E, Lovecchio F, Ver Halen JP, 
Hansen NM, Kim JY: Differential impact of 
non-insulin-dependent diabetes mellitus 
and insulin-dependent diabetes mellitus 
on breast reconstruction outcomes. 
Breast Cancer Res Treat 146:429–438, 
2014

71 . Furnary AP, Zerr KJ, Grunkemeier GL, 
Starr A: Continuous intravenous insulin 
infusion reduces the incidence of deep 
sternal wound infection in diabetic 
patients after cardiac surgical procedures. 
Ann Thorac Surg 67:352–360, 1999

72 . Khader YS, Dauod AS, El-Qaderi SS, 
Alkafajei A, Batayha WQ: Periodontal 
status of diabetics compared with 
non-diabetics: a meta-analysis. J Diabetes 
Complications 20:59–68, 2006

73 . American Diabetes Association: 
Standards of Medical Care in 
Diabetes—2015. Diabetes Care 38(Suppl 
1):S1–S93, 2015

74 . Carfrae MJ, Kesser BW: Malignant otitis 
externa. Otolaryngol Clin North Am 
41:537–549, 2008

75 . Handzel O, Halperin D: Necrotizing (malig-
nant) external otitis. Am Fam Physician 
68:309–312, 2003

76 . Petrikkos G, Skiada A, Lortholary O, 
Roilides E, Walsh TJ, Kontoyiannis DP: 
Epidemiology and clinical manifestations 
of mucormycosis. Clin Infect Dis 54(Suppl 
1):S23–S34, 2012

77 . Roden MM, Zaoutis TE, Buchanan WL, 
Knudsen TA, Sarkisova TA, Schaufele 
RL, Sein M, Sein T, Chiou CC, Chu JH, 
Kontoyiannis DP, Walsh TJ: Epidemiology 
and outcomes of zygomycosis: a review 
of 929 reported cases. Clin Infect Dis 
41:634–653, 2005

78 . Farrell FJ, Keeffe EB: Diabetes and the 
hepatobiliary system. Clin Liver Dis 
2:119–131, 1998

79 . Elsayes KM, Menias CO, Sierra L, Dillman 
JR, Platt JF: Gastrointestinal manifesta-
tions of diabetes mellitus: spectrum of 
imaging findings. J Comput Assist Tomogr 
33:86–89, 2009

80 . Phares CR, Lynfield R, Farley MM, Mohle-
Boetani J, Harrison LH, Petit S, Craig 
AS, Schaffner W, Zansky SM, Gershman 
K, Stefonek KR, Albanese BA, Zell ER, 
Schuchat A, Schrag SJ: Epidemiology of 
invasive group B streptococcal disease 
in the United States 1999–2005. JAMA 
299:2056–2065, 2008

81 . Skoff TH, Farley MM, Petit S, Craig AS, 
Schaffner W, Gershman K, Harrison LH, 
Lynfield R, Mohle-Boetani J, Zansky S, 
Albanese BA, Stefonek K, Zell ER, Jackson 
D, Thompson T, Schrag SJ: Increasing 
burden of invasive group B streptococcal 
disease in nonpregnant adults, 1990–
2007. Clin Infect Dis 49:85–92, 2009

82 . Farley MM: group B Streptococcal disease 
in nonpregnant adults. Clin Infect Dis 
33:556–561, 2001

83 . Sendi P, Johansson L, Norrby-Teglund A: 
Invasive group B streptococcal disease 
in non-pregnant adults: a review with 
emphasis on skin and soft-tissue infec-
tions. Infection 36:100–111, 2008

84 . Dooley KE, Chaisson RE: Tuberculosis and 
diabetes mellitus: convergence of two 
epidemics. Lancet Infect Dis 9:737–746, 
2009

85 . Kapur A, Harries AD: The double burden 
of diabetes and tuberculosis—public 
health implications. Diabetes Res Clin 
Pract 101:10–19, 2013

86 . Ferrara G, Murray M, Winthrop K, Centis 
R, Sotgiu G, Migliori GB, Maeurer 
M, Zumla A: Risk factors associated 
with pulmonary tuberculosis: smoking, 
diabetes and anti-TNFα drugs. Curr Opin 
Pulm Med 18:233–240, 2012

87 . Jeon CY, Harries AD, Baker MA, Hart 
JE, Kapur A, Lonnroth K, Ottmani SE, 
Goonesekera S, Murray MB: Bi-directional 
screening for tuberculosis and diabetes: 
a systematic review. Trop Med Int Health 
15:1300–1314, 2010

88 . Jeon CY, Murray MB: Diabetes mellitus 
increases the risk of active tuberculosis: 
a systemic review of 13 observational 
studies. PLoS Med 5:e152, 2008

89 . Yang HF, Zhang ZH, Chang ZQ, Tang KL, 
Lin DZ, Xu JZ: Vitamin D deficiency affects 
the immunity against Mycobacterium 
tuberculosis infection in mice. Clin Exp 
Med 13:265–270, 2013

90 . Kostoglou-Athanassiou I, Athanassiou P, 
Gkountouvas A, Kaldrymides P: Vitamin D 
and glycemic control in diabetes mellitus 
type 2. Ther Adv Endocrinol Metab 4:122–
128, 2013



30–22

DIABETES IN AMERICA, 3rd Edition

APPENDICES

APPENDIX 30.1. Percent of Deaths With Infections, by Diabetes Status, U.S., 1999–2010

PERCENT

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Among persons with diabetes mentioned anywhere on the death certificate

Any infection (among those below) 3.08 3.14 3.23 3.35 3.30 3.20 3.31 3.12 3.06 2.81 2.75 2.66

Respiratory tract infections 1.27 1.35 1.36 1.43 1.35 1.26 1.31 1.19 1.14 1.14 1.09 1.00

Urinary tract infections 0.67 0.65 0.66 0.64 0.65 0.66 0.68 0.67 0.65 0.42 0.42 0.41

Skin and connective tissue infections 0.13 0.14 0.15 0.17 0.20 0.22 0.21 0.21 0.22 0.22 0.22 0.21

Hospital-acquired infections 0.93 0.92 0.98 1.02 1.00 0.97 1.02 0.96 0.96 0.95 0.93 0.95

Infections associated with diabetes 0.03 0.03 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04

HIV 0.04 0.04 0.05 0.05 0.06 0.05 0.05 0.06 0.05 0.04 0.04 0.04

Among persons without diabetes mentioned anywhere on the death certificate

Any infection (among those below) 4.49 4.51 4.48 4.62 4.58 4.49 4.54 4.33 4.29 4.19 4.06 4.09

Respiratory tract infections 2.39 2.41 2.33 2.43 2.37 2.24 2.29 2.09 2.03 2.07 1.94 1.98

Urinary tract infections 0.59 0.58 0.58 0.57 0.57 0.58 0.62 0.60 0.60 0.46 0.45 0.50

Skin and connective tissue infections 0.05 0.05 0.06 0.06 0.08 0.09 0.08 0.08 0.08 0.08 0.09 0.09

Hospital-acquired infections 1.17 1.19 1.23 1.28 1.30 1.31 1.30 1.32 1.35 1.37 1.38 1.34

Infections associated with diabetes 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.04

HIV 0.27 0.26 0.25 0.25 0.23 0.23 0.21 0.20 0.18 0.17 0.16 0.14

Diabetes was defined using ICD-10 codes: E10–E14, O24.0–O24.3, and P70.2. ICD-10 codes were used to define infections as follows: respiratory tract infections, including 
influenza (J10.1, J18.9), and sinusitis and bronchitis (J32.9, J40); urinary tract infections, including asymptomatic bacteriuria (N39.0), cystitis (N30.9), pyelonephritis (N10), 
and perinephric abscess (N15.1); skin and connective tissue infections, including oral and vaginal candidiasis (B37.0, B37.3), onychomycosis (B35.1), intertrigo (L30.4), cellulitis 
and impetigo (L3.9, L1.0), foot ulcers (L97), necrotizing fasciitis (M72.6), and osteomyelitis (M86.9); hospital-acquired infections, including sepsis (A41.9); infections associated 
with diabetes, including malignant otitis externa (H60.2), mucormycosis (B46.5), and emphysematous cholecystitis (K81.0); and HIV (B20). Tuberculosis (A15.9) and Fournier’s 
gangrene (N49.3) were not in the data set. HIV, human immunodeficiency virus; ICD-10, The International Classification of Diseases, Tenth Revision, is the standard diagnostic 
tool for epidemiologic, health management, and clinical purposes, including the analysis of the general health situation of population groups. It is used to monitor the incidence 
and prevalence of diseases and other health problems, providing a picture of the general health situation of countries and populations.

SOURCE: National Vital Statistics System 1999–2010

APPENDIX 30.2. Age-Standardized Percent of Hospital Discharges Listing Infection, by Diabetes Status, U.S., 1999–2010

ICD-9 
CODES

PERCENT (STANDARD ERROR)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Among people with diabetes 

Any infection 
(among those below)

18.41 
(0.46)

18.82 
(0.51)

18.19 
(0.45)

16.91 
(0.40)

18.62 
(0.44)

18.58 
(0.42)

18.85 
(0.40)

18.16 
(0.41)

17.39 
(0.43)

17.73 
(0.56)

16.75 
(0.52)

18.47 
(0.57)

Respiratory 
tract infections

7.00 
(0.31)

6.53 
(0.27)

6.66 
(0.31)

6.18 
(0.25)

6.51 
(0.25)

6.73 
(0.25)

7.21 
(0.26)

6.21 
(0.25)

5.60 
(0.22)

6.20 
(0.31)

5.97 
(0.30)

5.91 
(0.29)

Influenza 480–488 5.89 
(0.28)

5.64 
(0.24)

5.83 
(0.29)

5.51 
(0.23)

5.92 
(0.24)

5.76 
(0.22)

6.36 
(0.25)

5.51 
(0.24)

4.93 
(0.20)

5.68 
(0.30)

5.44 
(0.29)

5.37 
(0.27)

Sinusitis and 
bronchitis

461, 466 1.24 
(0.18)

0.95 
(0.12)

0.90 
(0.12)

0.72 
(0.10)

0.68 
(0.09)

1.09 
(0.14)

0.92 
(0.08)

0.77 
(0.08)

0.71 
(0.09)

0.66 
(0.13)

0.65 
(0.12)

0.60 
(0.10)

Urinary tract 
infections

0.89 
(0.14)

0.84 
(0.10)

0.95 
(0.14)

0.74 
(0.09)

0.84 
(0.11)

0.96 
(0.17)

0.84 
(0.09)

0.85 
(0.10)

0.88 
(0.12)

1.22 
(0.19)

1.02 
(0.16)

0.88 
(0.13)

Asymptomatic 
bacteriuria

791.9 0.03 
(0.01)1

0.07 
(0.02)

0.03 
(0.01)1

0.03 
(0.01)1

0.02 
(0.01)2

0.01 
(0.00)

0.06 
(0.03)2

0.02 
(0.01)2

0.05 
(0.02)1

0.03 
(0.01)1

3 0.01 
(0.00)

Cystitis 595.0 0.06 
(0.03)2

0.07 
(0.03)2

0.02 
(0.01)2

0.04 
(0.01)

0.07 
(0.03)2

0.09 
(0.03)1

0.05 
(0.01)

0.05 
(0.02)1

0.03 
(0.01)1

3 0.07 
(0.03)2

0.13 
(0.05)1

Pyelonephritis 590.1, 590.8 0.80 
(0.13)

0.68 
(0.09)

0.90 
(0.14)

0.66 
(0.09)

0.74 
(0.11)

0.84 
(0.17)

0.72 
(0.09)

0.77 
(0.10)

0.78 
(0.12)

0.95 
(0.13)

0.84 
(0.14)

0.73 
(0.12)

Perinephric 
abscess

590.2 0.02 
(0.01)2

0.02 
(0.01)2

3 3 3 0.01 
(0.00)

0.02 
(0.01)2

3 0.03 
(0.01)1

0.08 
(0.04)2

3 3

Appendix 30.2 continues on the next page.
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ICD-9 
CODES

PERCENT (STANDARD ERROR)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Skin and connective 
tissue infections

8.32 
(0.31)

9.53 
(0.43)

8.89 
(0.32)

8.53 
(0.30)

9.51 
(0.35)

9.37 
(0.31)

9.18 
(0.30)

9.59 
(0.33)

9.25 
(0.34)

8.86 
(0.45)

8.50 
(0.42)

9.76 
(0.45)

Oral and vaginal 
candidiasis

112.0–112.3 0.92 
(0.13)

1.26 
(0.16)

0.75 
(0.09)

0.92 
(0.12)

0.92 
(0.10)

0.70 
(0.07)

0.87 
(0.09)

0.85 
(0.10)

0.88 
(0.10)

1.11 
(0.22)

0.83 
(0.13)

0.95 
(0.12)

Onychomycosis 110.1 0.13 
(0.03)

0.18 
(0.07)1

0.14 
(0.02)

0.12 
(0.02)

0.16 
(0.04)

0.16 
(0.04)

0.13 
(0.03)

0.14 
(0.03)

0.11 
(0.02)

0.10 
(0.03)

0.08 
(0.04)2

0.13 
(0.05)1

Intertrigo 695.89 3 0.02 
(0.01)2

0.02 
(0.01)2

0.01 
(0.00)

0.06 
(0.03)2

3 0.02 
(0.01)2

0.02 
(0.01)2

0.03 
(0.01)1

0.01 
(0.00)

3 0.02 
(0.01)2

Cellulitis 
and impetigo

682, 684 4.59 
(0.24)

5.36 
(0.31)

4.94 
(0.24)

5.07 
(0.24)

5.80 
(0.30)

5.76 
(0.27)

5.72 
(0.25)

6.10 
(0.28)

5.74 
(0.28)

5.29 
(0.35)

5.29 
(0.36)

6.66 
(0.42)

Foot ulcers 707.1 2.96 
(0.18)

3.31 
(0.29)

3.41 
(0.20)

3.07 
(0.17)

3.19 
(0.18)

3.19 
(0.16)

3.05 
(0.15)

3.28 
(0.18)

3.16 
(0.20)

2.57 
(0.22)

2.58 
(0.19)

2.76 
(0.22)

Necrotizing 
fasciitis 

728.86 0.05 
(0.02)1

0.09 
(0.03)1

0.04 
(0.01)

0.24 
(0.08)1

0.10 
(0.03)

0.09 
(0.03)1

0.14 
(0.05)1

0.07 
(0.02)

0.12 
(0.05)2

3 0.03 
(0.01)1

3

Fournier’s 
gangrene

785.4 1.00 
(0.10)

0.80 
(0.08)

0.84 
(0.09)

0.68 
(0.07)

0.60 
(0.06)

0.68 
(0.07)

0.58 
(0.05)

0.61 
(0.07)

0.67 
(0.08)

0.60 
(0.09)

0.65 
(0.10)

0.82 
(0.14)

Osteomyelitis 730.2 0.67 
(0.10)

0.66 
(0.16)

0.77 
(0.10)

0.48 
(0.05)

0.71 
(0.09)

0.86 
(0.10)

0.77 
(0.08)

1.12 
(0.15)

0.93 
(0.13)

1.08 
(0.15)

1.11 
(0.15)

0.91 
(0.11)

Hospital-acquired 
infections

3.21 
(0.21)

3.12 
(0.24)

2.74 
(0.16)

2.77 
(0.18)

2.72 
(0.16)

2.55 
(0.14)

2.51 
(0.15)

2.47 
(0.18)

2.37 
(0.16)

2.62 
(0.24)

2.44 
(0.21)

2.76 
(0.26)

Sepsis 038 2.69 
(0.20)

2.45 
(0.20)

2.15 
(0.13)

2.14 
(0.15)

1.90 
(0.12)

2.04 
(0.13)

1.96 
(0.13)

1.98 
(0.17)

1.85 
(0.15)

1.99 
(0.20)

1.97 
(0.19)

2.22 
(0.21)

Postoperative 
wound infections

998.59 0.54 
(0.07)

0.67 
(0.14)

0.63 
(0.09)

0.64 
(0.09)

0.83 
(0.11)

0.53 
(0.06)

0.60 
(0.07)

0.52 
(0.06)

0.54 
(0.08)

0.63 
(0.14)

0.48 
(0.08)

0.56 
(0.15)

Infections associated 
with diabetes

0.08 
(0.02)

0.08 
(0.02)

0.12 
(0.04)1

0.09 
(0.02)

0.15 
(0.05)1

0.17 
(0.05)

0.12 
(0.04)1

0.15 
(0.05)1

0.18 
(0.06)1

0.15 
(0.04)

0.13 
(0.05)1

0.33 
(0.11)1

Malignant 
otitis externa

380.14 3 3 3 3 3 3 3 0.01 
(0.00)

0.01 
(0.00)

3 3 3

Mucormycosis 117.7 3 3 3 3 3 3 0.02 
(0.01)2

3 3 3 3 3

Emphysematous 
cholecystitis

575.0 0.08 
(0.02)

0.08 
(0.02)

0.11 
(0.04)1

0.08 
(0.02)

0.15 
(0.05)1

0.16 
(0.05)1

0.09 
(0.03)1

0.14 
(0.05)1

0.18 
(0.06)1

0.12 
(0.03)

0.13 
(0.05)1

0.31 
(0.11)1

Tuberculosis 010–018 3 0.12 
(0.04)1

3 0.02 
(0.01)2

0.02 
(0.01)2

0.04 
(0.01)

0.02 
(0.01)2

0.03 
(0.01)1

0.06 
(0.03)2

3 0.02 
(0.01)2

3

HIV 042–044 0.48 
(0.09)

0.41 
(0.09)

0.32 
(0.07)

0.32 
(0.07)

0.33 
(0.07)

0.19 
(0.03)

0.33 
(0.08)

0.45 
(0.09)

0.36 
(0.08)

0.30 
(0.07)

0.26 
(0.06)

0.44 
(0.16)1

Among people without diabetes

Any infection  
(among those below)

12.62 
(0.12)

12.54 
(0.12)

12.53 
(0.12)

12.79 
(0.12)

13.38 
(0.12)

13.58 
(0.12)

13.88 
(0.12)

13.55 
(0.11)

13.68 
(0.12)

14.39 
(0.15)

14.71 
(0.16)

14.91 
(0.16)

Respiratory tract 
infections

7.49 
(0.09)

7.27 
(0.10)

7.09 
(0.09)

7.25 
(0.09)

7.57 
(0.10)

7.40 
(0.09)

7.53 
(0.09)

7.07 
(0.09)

6.84 
(0.09)

7.43 
(0.12)

7.46 
(0.12)

7.68 
(0.12)

Influenza 480–488 6.26 
(0.09)

6.15 
(0.09)

6.10 
(0.09)

6.19 
(0.09)

6.65 
(0.09)

6.36 
(0.09)

6.64 
(0.09)

6.22 
(0.08)

6.07 
(0.09)

6.69 
(0.11)

6.77 
(0.11)

6.95 
(0.12)

Sinusitis and 
bronchitis

461, 466 1.39 
(0.04)

1.29 
(0.04)

1.15 
(0.04)

1.22 
(0.04)

1.07 
(0.03)

1.21 
(0.03)

1.06 
(0.03)

0.98 
(0.03)

0.91 
(0.03)

0.88 
(0.04)

0.83 
(0.04)

0.89 
(0.04)

Urinary tract 
infections

0.59 
(0.03)

0.61 
(0.03)

0.60 
(0.03)

0.63 
(0.03)

0.62 
(0.03)

0.65 
(0.03)

0.69 
(0.03)

0.65 
(0.03)

0.65 
(0.03)

0.68 
(0.04)

0.68 
(0.04)

0.79 
(0.04)

Asymptomatic 
bacteriuria

791.9 0.03 
(0.01)1

0.04 
(0.01)

0.02 
(0.00)

0.02 
(0.00)

0.03 
(0.01)1

0.03 
(0.01)1

0.03 
(0.01)1

0.02 
(0.00)

0.05 
(0.01)

0.05 
(0.01)

0.05 
(0.01)

0.06 
(0.01)

Cystitis 595.0 0.05 
(0.01)

0.03 
(0.00)

0.04 
(0.01)

0.04 
(0.01)

0.04 
(0.01)

0.04 
(0.01)

0.04 
(0.01)

0.04 
(0.01)

0.04 
(0.01)

0.05 
(0.01)

0.07 
(0.02)

0.07 
(0.02)

Pyelonephritis 590.1, 590.8 0.51 
(0.03)

0.53 
(0.03)

0.53 
(0.03)

0.57 
(0.03)

0.55 
(0.02)

0.57 
(0.02)

0.61 
(0.03)

0.59 
(0.02)

0.55 
(0.03)

0.57 
(0.03)

0.55 
(0.03)

0.65 
(0.04)

Perinephric 
abscess

590.2 3 0.01 
(0.00)

0.01 
(0.00)

0.01 
(0.00)

3 0.01 
(0.00)

0.01 
(0.00)

0.02 
(0.00)

0.02 
(0.00)

0.01 
(0.00)

0.01 
(0.00)

0.01 
(0.00)

APPENDIX 30.2. (continued)
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ICD-9 
CODES

PERCENT (STANDARD ERROR)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Skin and connective 
tissue infections

2.80 
(0.06)

2.95 
(0.06)

3.26 
(0.06)

3.25 
(0.06)

3.36 
(0.06)

3.74 
(0.07)

3.70 
(0.06)

3.75 
(0.06)

4.01 
(0.07)

4.17 
(0.09)

4.20 
(0.09)

4.15 
(0.09)

Oral and vaginal 
candidiasis

112.0–112.3 0.54 
(0.03)

0.65 
(0.03)

0.67 
(0.03)

0.61 
(0.03)

0.56 
(0.03)

0.62 
(0.03)

0.61 
(0.03)

0.63 
(0.03)

0.69 
(0.03)

0.74 
(0.04)

0.79 
(0.04)

0.79 
(0.04)

Onychomycosis 110.1 0.08 
(0.01)

0.09 
(0.01)

0.08 
(0.01)

0.07 
(0.01)

0.08 
(0.01)

0.07 
(0.01)

0.08 
(0.01)

0.05 
(0.01)

0.06 
(0.01)

0.05 
(0.01)

0.06 
(0.01)

0.06 
(0.01)

Intertrigo 695.89 0.01 
(0.00)

0.02 
(0.01)2

0.01 
(0.00)

0.02 
(0.01)2

0.01 
(0.00)

0.02 
(0.00)

0.02 
(0.01)2

0.01 
(0.00)

0.02 
(0.00)

0.02 
(0.01)2

0.01 
(0.00)

0.02 
(0.01)2

Cellulitis 
and impetigo

682, 684 1.78 
(0.05)

1.80 
(0.05)

2.03 
(0.05)

2.07 
(0.05)

2.20 
(0.05)

2.51 
(0.05)

2.50 
(0.05)

2.60 
(0.05)

2.66 
(0.05)

2.75 
(0.07)

2.75 
(0.07)

2.69 
(0.07)

Foot ulcers 707.1 0.37 
(0.02)

0.40 
(0.02)

0.55 
(0.02)

0.57 
(0.03)

0.59 
(0.03)

0.60 
(0.03)

0.56 
(0.03)

0.60 
(0.02)

0.73 
(0.03)

0.68 
(0.04)

0.65 
(0.04)

0.63 
(0.04)

Necrotizing 
fasciitis 

728.86 0.02 
(0.00)

0.02 
(0.00)

0.03 
(0.01)1

0.02 
(0.00)

0.03 
(0.01)1

0.03 
(0.01)1

0.02 
(0.00)

0.02 
(0.00)

0.03 
(0.01)1

0.03 
(0.01)1

0.02 
(0.01)2

0.04 
(0.01)

Fournier’s 
gangrene

785.4 0.12 
(0.01)

0.10 
(0.01)

0.08 
(0.01)

0.10 
(0.01)

0.08 
(0.01)

0.09 
(0.01)

0.08 
(0.01)

0.08 
(0.01)

0.13 
(0.01)

0.12 
(0.02)

0.13 
(0.02)

0.10 
(0.02)

Osteomyelitis 730.2 0.11 
(0.01)

0.13 
(0.01)

0.13 
(0.01)

0.13 
(0.01)

0.15 
(0.01)

0.15 
(0.01)

0.16 
(0.01)

0.13 
(0.01)

0.16 
(0.01)

0.23 
(0.02)

0.25 
(0.02)

0.23 
(0.02)

Hospital-acquired 
infections

2.42 
(0.05)

2.33 
(0.05)

2.39 
(0.05)

2.52 
(0.06)

2.65 
(0.06)

2.80 
(0.06)

2.99 
(0.06)

3.11 
(0.06)

3.37 
(0.06)

3.59 
(0.08)

3.83 
(0.09)

4.11 
(0.09)

Sepsis 038 1.95 
(0.05)

1.86 
(0.05)

1.87 
(0.05)

1.99 
(0.05)

2.13 
(0.05)

2.24 
(0.05)

2.43 
(0.05)

2.62 
(0.05)

2.81 
(0.06)

3.10 
(0.08)

3.26 
(0.08)

3.55 
(0.09)

Postoperative 
wound infections

998.59 0.51 
(0.03)

0.51 
(0.02)

0.56 
(0.03)

0.57 
(0.03)

0.57 
(0.03)

0.63 
(0.03)

0.61 
(0.03)

0.54 
(0.02)

0.61 
(0.03)

0.55 
(0.03)

0.63 
(0.04)

0.62 
(0.04)

Infections associated 
with diabetes

0.08 
(0.01)

0.09 
(0.01)

0.09 
(0.01)

0.08 
(0.01)

0.09 
(0.01)

0.08 
(0.01)

0.10 
(0.01)

0.11 
(0.01)

0.13 
(0.01)

0.13 
(0.02)

0.12 
(0.02)

0.13 
(0.02)

Malignant 
otitis externa

380.14 3 3 3 3 3 0.01 
(0.00)

3 3 3 3 3 3

Mucormycosis 117.7 3 3 3 3 3 3 3 3 3 3 3 3

Emphysematous 
cholecystitis

575.0 0.08 
(0.01)

0.09 
(0.01)

0.09 
(0.01)

0.08 
(0.01)

0.09 
(0.01)

0.07 
(0.01)

0.10 
(0.01)

0.11 
(0.01)

0.13 
(0.01)

0.12 
(0.02)

0.12 
(0.02)

0.13 
(0.02)

Tuberculosis 010–018 0.05 
(0.01)

0.05 
(0.01)

0.05 
(0.01)

0.04 
(0.01)

0.04 
(0.01)

0.05 
(0.01)

0.06 
(0.01)

0.04 
(0.01)

0.05 
(0.01)

0.05 
(0.01)

0.04 
(0.01)

0.03 
(0.01)1

HIV 042–044 0.38 
(0.02)

0.39 
(0.02)

0.39 
(0.02)

0.39 
(0.02)

0.44 
(0.02)

0.39 
(0.02)

0.34 
(0.02)

0.44 
(0.02)

0.43 
(0.02)

0.39 
(0.02)

0.27 
(0.02)

0.32 
(0.02)

Diabetes was defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. Data are age-standardized to the overall National Hospital Discharge Survey 2010 using 
age categories <44, 45–64, and ≥65 years. Standard errors were most likely underestimated because the National Hospital Discharge Survey sampling variables were not 
available, and consequently, it was not possible to take into account the complex sampling design. HIV, human immunodeficiency virus; ICD-9, The International Classification 
of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States. 
1 Relative standard error >30%–40%
2 Relative standard error >40%–50%
3 Relative standard error >50%; estimate is too unreliable to present.

SOURCE: National Hospital Discharge Surveys 1999–2010

APPENDIX 30.3. Age-Standardized Percent of Outpatient Visits to a Physician Pertaining to Infections Among Persons With and Without 
Diabetes, U.S., 1999–2010

PERCENT (STANDARD ERROR)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Diabetes 4.3 
(1.19)

2.7 
(0.56)

2.9 
(1.09)1

2.7 
(1.03)1

5.1 
(1.49)

5.1 
(1.62)1

4.9 
(2.05)2

3.8 
(1.48)1

3.5 
(0.95)

2.8 
(1.10)1

1.6 
(0.54)1

2.6 
(0.74)

No diabetes 3.4 
(0.35)

3.1 
(0.29)

2.6 
(0.25)

2.9 
(0.22)

3.1 
(0.34)

3.0 
(0.24)

3.1 
(0.22)

3.1 
(0.22)

2.6 
(0.19)

3.3 
(0.29)

3.5 
(0.25)

3.6 
(0.28)

Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. ICD-9 codes used to define infections are as follows: influenza (480–488), sinusitis and bronchitis 
(461, 466), asymptomatic bacteriuria (791.9), cystitis (595.0), pyelonephritis (590.1, 590.8), perinephric abscess (590.2), oral and vaginal candidiasis (112.0–112.3), onychomy-
cosis (110.1), intertrigo (695.89), cellulitis and impetigo (682, 684), foot ulcers (707.1), necrotizing fasciitis (728.86), Fournier’s gangrene (785.4), osteomyelitis (730.2), sepsis (038), 
postoperative wound infections (998.59), malignant otitis externa (380.14), mucormycosis (117.7), emphysematous cholecystitis (575.0), HIV (human immunodeficiency virus) (042–
044), tuberculosis (010–018). Data are age-standardized to the overall National Ambulatory Medical Care Survey 2010 using age categories <45, 45–64, and ≥65 years. ICD-9, The 
International Classification of Diseases, Ninth Revision, is the official system of assigning codes to diagnoses and procedures associated with hospital utilization in the United States.
1 Relative standard error >30%–40%
2 Relative standard error >40%–50%

SOURCE: National Ambulatory Medical Care Surveys 1999–2010
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APPENDIX 30.4. Age-Standardized Percent of Hospital Discharges Listing Hospital-
Acquired Sepsis, by Diabetes Status, U.S., 1999–2010

Year
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Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. The ICD-9 code used to define 
sepsis is 038. Data are age-standardized to the overall National Hospital Discharge Survey 2010 using age categories 
<44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, Ninth Revision, is the official system 
of assigning codes to diagnoses and procedures associated with hospital utilization in the United States.

SOURCE: National Hospital Discharge Surveys 1999–2010

APPENDIX 30.5. Age-Standardized Percent of Hospital Discharges Listing Postoperative 
Wound Infections, by Diabetes Status, U.S., 1999–2010

Year
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Diabetes is defined using ICD-9 codes: 250, 357.2, 362.0, 366.41, 648.0, and 775.1. The ICD-9 code used to define 
postoperative wound infection is 998.59. Data are age-standardized to the overall National Hospital Discharge 
Survey 2010 using age categories <44, 45–64, and ≥65 years. ICD-9, The International Classification of Diseases, 
Ninth Revision, is the official system of assigning codes to diagnoses and procedures associated with hospital utiliza-
tion in the United States. 

SOURCE: National Hospital Discharge Surveys 1999–2010
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